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Abstract
Five experiments examined the effects of repeated exposure to stimulants, largely
apomorphine (APO), on wheel running in male Sprague-Dawley rats. In these
experiments, minor changes in procedure resulted in profound differences in the
effects of APO on wheel running. Experiment 1 compared changes in wheel running
after repeated injections of 3.0 mg/kg amphetamine (AMP), 5.0 mg/kg of APO, or
vehicle (VEH). AMP resulted in a suppression in wheel running which became more
pronounced over trials, while running in APO animals remained similar to the VEH
group. Testing with VEH provided support for a conditioned suppression of wheel
running in rats previously treated with AMP relative to those treated with VEH.
Experiments 2 to 4 examined the effects of repeated injections of a wide range of
APO doses on wheel running in two different environments, a wheel rack, and
separate wheel cages. Results showed significant quadratic trends in Experiments 2
and 3, suggestive that low APO doses suppress running and higher doses elevate
running. However, running in rats repeatedly injected with 1.0 mg/kg APO was
either suppressed or elevated, depending on the environment in which they were
tested. Experiment 4 concurrently examined the effects of 1.0 mg/kg APO in both
environments and found that running on the rack was significantly higher than in the
separate cages for the APO animals, but did not differ from VEH treated controls.
The effect of noise on APO-induced running in the SEP cages was examined in

Experiment 5 but had no effect on the wheel running.
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Sensitization to Indirect and Direct Dopamine Agonists:
Behavioural Differences in Wheel Running
The development and expression of sensitization to psychostimulant drugs such as
amphetamine (AMP) (Anagnostaras & Robinson, 1996; Langer & Arbilla, 1984;
Robinson & Becker, 1986; Segal & Mandell, 1974; Vanderschuren, Schoffelmeer,
Mulder, & De Vries, 1999a) and apomorphine (APO) (Gancher, Mayer, & Youngman,
1996; Mattingly, Gotsick, & Marin, 1988a; Mattingly, Gotsick, & Salamanca, 1988b;
Voikar et al., 1999) have been well documented. Behavioural sensitization typically
refers to a gradual elevation in locomotor activation and emergence of stereotypical
behaviour with repeated exposure to a moderate dose of psychostimulant drugs.
Graphically, this is represented as a shift to the left of the dose response curve; the same
effect being elicited by a smaller drug dose. The gradual increase in locomotion, or
sensitization, is thought to play an important role in the addictive properties of these
drugs (Robinson & Berridge, 1993; Wise & Bozarth, 1987). Robinson and Berridge
(1993) propose that, “the defining characteristics of addiction (craving and relapse) are
due directly to drug-induced changes in those functions normally subserved by a neural
system that undergoes sensitization-related neuroadaptations” (p. 249). Learning factors
and neurochemical changes may both play a role in producing drug sensitization;
however, sensitization is the observed change in drug responsiveness and so may be
produced by a variety of mechanisms. Most research examining the behavioural effects
of a moderate dose of APO (Mattingly ef al., 1988b; Moller, Nowak, & Kuschinsky,
1987) and AMP (Bernardi, Scavone, & Frussa-Filho, 1986; Kuczenski, Segal,

Weinberger, & Browne, 1982; Segal & Mandell, 1974) has consistently found an initial



elevation in locomotor activity with the first injection of the drug, and then a gradual
- further elevation in activity and stereotypy with repeated injections.

The mechanisms involved in sensitization are not fully understood; however, much
research has provided evidence that the hyperactivity induced by psychomotor stimulants
is associated with activation of the postsynaptic dopamine (DA) receptors, which results
from an increase in DA or direct agonist concentration in the synaptic cleft (Kalivas &
Stewart, 1991; Langer & Arbilla, 1984; Miller, Wickens, & Beninger, 1990; Stewart &
Badiani, 1993; Wise & Leeb, 1993). Although APO and AMP are both stimulants, their
site of action on the DA system differs. APO is a direct agonist that acts directly on both
pre- and post-synaptic DA receptors. At low doses (< 0.2 mg/kg), APO decreases
activity in rats (Katsura, Itoh, & Rehfeld, 1984; Mattingly et al., 1988b; Nickolson, 1981;
Moller et al. 1987; Radhakishun & Van Ree, 1987; Van Ree & Wolterink, 1981). This
suppressive effect of APO is thought to be due to the activation of pre-synaptic DA
autoreceptors, which inhibits electrical discharge and reduces DA synthesis and release.
These autoreceptors are thought to have a higher affinity for DA and APO, and as such
are preferentially affected by low doses of APO. At a higher dose (> 0.5 mg/kg), APO
elevates activity (Katsura ef al., 1984; Mattingly ef al., 1988b; Nickolson, 1981). The
increase in motor activity seems to be through activation of the post-synaptic receptor,
thus mimicking the action of DA. At an even higher dose (> 2 mg/kg), APO produces
stereotypy, which is characterized by sniffing, gnawing, licking, and repetitive head
movements in animals (Antoniou & Kaafetzopoulos, 1991). AMP on the other hand is an

indirect agonist that increases the release of DA from pre-synaptic vesicles and blocks



DA reuptake. AMP elevates locomotor response in a dose-dependent manner, up to very
high doses which produce stereotypy (Robinson & Becker, 1986; Russell & PihlL, 1978).

While the site and mechanism of action of these (and other) psychomotor stimulants
have become clear, the changes that underlie the sensitization of their effects are not well
understood. With repeated administration of both drugs (and other stimulants), the
effects produced by the drug become more pronounced. A medium dose will initially
produce an elevation in locomotion, and with repeated administration locomotion
decreases as the drug response becomes a more pronounced stereotypic behaviour
reflective of initially higher doses. With repeated administrations, a gradual increase in
locomotion is seen in rats injected with a moderate dose of APO (Mattingly ef al. 1988b)
or AMP (Kuczenski et al., 1982; Segal & Mandell, 1974), which is later replaced by
stereotypic behaviour, the same as that seen with an acute injection of a high dose of the
drug.

Sensitization results not only from simple exposure to the drug, but also from the
interactions between the drug's effects and surrounding circumstances. When a stimulus
is presented more than once, there is always a potential of learning, or conditioning.
Pavlovian conditioning posits that animals learn to associate a neutral conditioning
stimulus with an existing reflex to the extent that the conditioned stimulus will, by itself,
elicit a conditioned response. In situations where sensitization is evident, if the
conditioned response is similar to the observed drug effect then it may augment the
observed drug effect making it stronger or larger over trials (Eikelboom & Stewart,

1982). Since sensitization to drugs occurs over several repeated administrations,



environmental stimuli may play an important role in the expression and induction of
sensitization to AMP and APO.

The context in which AMP is administered has profound effects on the magnitude of
sensitization. Studies involving AMP administrations have found greater sensitization
effects when the drug injections are paired with a unique, novel environment relative to
those that were presented in a manner to reduce the environmental associations
(Anagnostaras & Robinson, 1996; Badiani & Anagnostaras, 1995). Furthermore, it has
been found that after pairings of AMP (the UCS) with an environment (the CS), the CS
alone can elicit drug effects (CR) in animals (Stewart & Vezina, 1991). On the other
hand, animals that received AMP in their home cage, thus having AMP experience not
paired with the CS, and were then studied in the test environment failed to show or
express sensitization (Anagnostaras & Robinson, 1996). This context-dependent
expression of sensitization is consistent with a Paviovian conditioning interpretation.

Inconsistent with a simple Pavlovian interpretation, Mattingly and Gotsick (1989)
have shown that sensitization to APO develops in the absence of drug associated cues,
and therefore did not appear to be context dependent. In their experiment, over nine
acquisition trials rats were either administered 5.0 mg/kg subcutaneously (s.c.) of APO
before being placed in a photocell arena to test for locomotor activity, or were given the
drug 15 minutes after the activity sessions. There was also a group of control rats that
were administered iny vehicle (VEH) injections. When tested for sensitization by
administering the same dose of APO to all rats, both groups of rats that had received
APO (both the before and the after group) showed greater activity than controls.

Although the association of environmental cues with APO was not necessary in



producing sensitization, some role for Paviovian conditioning was suggested in that
sensitization was greater when the drug was paired with a cue. Also arguing for a more
complex explanation of sensitization than simple Paviovian conditioning, Mattingly,
Koch, Osborne, & Gotsick (1997) showed that APO-induced hyperactivity transferred
completely from one environment to another. Animals receiving repeated APO in one
environment (activity drums) were just as active when tested with APO in a second
environment (running wheels) as animals that have always received APO on this second
environment. That study, however, did not test all possible control groups. Groups that
had received APO during acquisition trials were not tested with VEH and control rats
which received VEH during acquisition were not tested with APO. Ifa VEH test
revealed an elevation in activity in both environments in rats in the APO groups, it would
suggest that in addition to the drug's direct effects, conditioning may have played a role
in the hyperactivity. As this thesis is concerned with wheel running after APO
administrations, Mattingly et al.'s (1997) research will be discussed later in greater detail.
Another important issue that affects the magnitude of sensitization is the interval
between drug injections. Sensitization effects have been found to be greater when the
intervals between drug administrations are larger (Castro, Abreu, Calzadilla, &
Rodriguez, 1985; Kolta, Shreve, de Souza, & Uretsky, 1985; Nelson & Ellison, 1978;
Post, 1980; Vanderschuren, et al., 1999b). Also important is the interval before testing,
for instance, Vanderschuren et al. .(1999b) found that after a single injection of 5.0 mg/kg
AMP, a second injection of the same dose of AMP three days later resulted in marginal
sensitization. However, sensitization effects were more evident when the second

injection was one week later, and even greater when it was three weeks later. It would



therefore be important to consider not only dose, but also intervals between drug
administrationsandbetweenacquisitionandt&sttrialswhencomparEg sensitization
effects.

Researchers often refer to the sensitized response to a drug in terms of locomotor
behaviour, without specifically identifying the type of activity performed by the animal.
Many apparati have been used as a measure of locomotion, such as activity drums, open
fields and running wheels. It would be appropriate to look at some of the differences
betweentheseactivities,asitwouldbenaivetoassmnethattheyallmeasurethesame
type of locomotion. For example, when comparing activity in running wheels with other
apparati, positive correlations are sometimes observed, however, often they are low
(Anderson, 1937). Because researchers are not very specific when referring to
locomotion, and as wheel running is the focus of this thesis, it will be specifically
referred to as wheel running, or simply running. All other forms of activity will be
referred to as locomotion or activity.

When the effects of stimulants on wheel running are explored, the findings appear
inconsistent. In one study, APO over trials induced an elevation in running (Mattingly er
al. 1997), whereas in a second study, over trials AMP caused a suppression in running
(Serwatkiewicz, Limebeer, & Eikelboom, 2000). In Mattingly et al.'s (1997) study, male
Wistar rats were administered eight injections of 5.0 mg/kg APO or VEH spaced 72
hours apart. There was a 15-minute delay before they were placed in the running wheels
or an open field actlvnydrum for half an hour, which were kept in a dark testing room.
Initially APO had no effect on wheel running but gradually over the eight injections the
running incmseduntﬂbytheendoftheexperhnenttheyweterumingmretmnthree



times the amount of VEH rats. A post training activity test was assessed 72 hours after
the last training session. When given APO at test, animals with APO experience showed
an elevation in running, but so did the group that had received APO in the open field; this
is evidence of cross-sensitization with APO.

Contrary to Mattingly er al. (1997), Serwatkiewicz ef al. (2000) did not find an
elevation in wheel running with AMP--they found a suppression in running. In their
study all testing was conducted in the light. Male Sprague-Dawley rats were randomly
assigned to one of three groups: AMP/SAL, SAL/AMP, and SAL/SAL. On the first
wheel day, group AMP/SAL received an injection of 2.0 mg/kg AMP 20 minutes prior to
being placed in the wheels for one hour. The following day they received an injection of
saline in their home cage. Group SAL/AMP were treated identical to group AMP/SAL
except they were injected with saline on the wheel day and AMP in their home cage. The
control condition, group SAL/SAL received saline on both days. This procedure was
repeated for a total of five acquisition trials. Running in group AMP/SAL decreased over
trials while running in group SAL/AMP did not differ from controls. All animals were
tested in a counterbalanced order 72 hours after the last acquisition trial with 2.0 mg/kg
AMP and saline. Results indicated that group SAL/AMP did not differ from SAL/SAL
controls when tested with AMP but both groups ran more than group AMP/SAL. Even
though the animals in SAL/AMP and AMP/SAL had identical drug histories, only those
animals that were administered AMP associated with the running wheel showed
sensitization. No significant results were found with the saline test, indicating that there

was no evidence of conditioning in either group. A subsequent experiment revealed that



AMP over a wide range of doses (1.0, 2.0, and 5.0 mg/kg) suppressed wheel running in a
- dose-dependent manner.

The effects of AMP and APO on wheel running are interesting because they are both
stimulants that are expected to increase activity in a dose-dependent manner within a
dose range that does not elicit stereotypy. However, this was not the case for wheel
running after AMP administrations in the present research. The two studies just
discussed indicate that there may be important differences between psychomotor
stimulants, and there may be many factors that influence the expression of sensitization.
The present research aims to provide a better understanding of how AMP and APO affect
wheel running and how these effects change with repeated drug administration.

The elevation in wheel running with repeated APO administration (Mattingly et al.,
1997) and suppression with AMP (Serwatkiewicz et al., 2000) may have been simply due
to the drugs’ effects, however, there is always the possibility that because these two
studies were performed in different labs, the differences may have been due to variation
in procedures. For instance, there were some differences in spacing of injections between
Mattingly et al. (1997) and Serwatkiewicz et al.'s (2000) studies. The time differences in
the between drug administrations, however, would only be able to explain differences in
magnitude of sensitized responses and not the opposite direction of responses that the two
wheel running studies found. Thus, the difference in injection schedules between the two
studies is not believed to have played a critical role in producing the opposite direction of
the response to wheel running.

Other procedural differences were examined and were found not to explain the
differences in wheel running (Eikelboom, 1999). The wheels in Serwatkiewicz et al.'s



(2000) study had side cages attached, whereas Mattingly er al.'s (1997) wheels did not
have side cages, forcing the rats to remain in the wheels during testing. Also, in
Mattingly er al''s study, quarter wheel turns were measured as opposed to full turns
measured in Serwatkiewicz ef al.’s study. Both these equipment differences might have
led to differences in the behaviours being measured, for example quarter turns could have
measured rocking motions. However, when rats were tested with and without side cages,
wﬁhbomﬁlﬂandquanerWMelnnnsbeingmasmeiAMPconsistendysuppmsed
running (Limebeer, 1998). Another procedural difference that was examined was the
light/dark conditions. Mattingly er al. tested their animals in the dark, but in the day
time, and Serwatkiewicz et al. tested their animals in the light. Serwatkiewicz (1999)
found no difference between animals tested in the light or the dark; AMP produced an
equivalent suppression in both conditions. Thus, this left the difference between the two
drugs, AMP and APO, to be explored.

The original intent of the following experiments was to replicate the procedures of
both Mattingly et al. (1997) and Serwatkiewicz ef al. (2000) as much as possible.
However, due to unexpected results and equipment limitations, several changes in
procedure were made from one experiment to the next. First, injection intervals between
acquisition trials and test varied slightly from one experiment to the next. In all
experiments, injections during acquisition were spaced between 48 and 72 hours apart
and the delay before testing was between seven and ten days. Mattingly et al. (1988a)
found no difference in mean activity counts of rats injected with 5.0 mg/kg APO using a
one- versus seven-day interval between injections. Furthermore, sensitization to APO

wasmintainedforatlwstlSdaysfollowingthelastinjection. Finally it has been



suggested that a time delay is necessary for the induction of sensitization (Castro e? al.,
1985). Thus, the minor differences in the time between drug injections across the
experiments are not believed to significantly influence wheel running behaviour.

The wheel running apparatus also varied from one experiment to the next due to
equipment availability at the time of the experiments. The apparatus used in the first,
third, and fourth experiments was a rack that consisted of 12 wheels, three rows of four
wheels, and the type used in the second, fourth, and fifth experiments were four
individual wheels that were separated from each other. This variation in apparatus was
not expected to affect the sensitization to AMP and APO since several equipment
differences were examined in a previous experiment and found not to affect the
sensitization to AMP (Limebeer, 1998). However, as the results of each experiment were
analyzed, it appeared that the changes in equipment did have a significant effect on the
wheel running behaviour of rats treated with APO. Other minor variations in procedure
were also made and the specific changes will be explained in greater detail at the
beginning of each experiment.

Experiment 1

The first experiment aimed to replicate previous findings, that sensitization to APO
increases wheel running, whereas sensitization to AMP decreases wheel running. Since
all rats were tested under identical conditions, procedural differences were eliminated in
this first experiment. The intent was to have eight acquisition trials using the same APO
dose as in Mattingly et al.'s (1997) study, and the middle dose of AMP used in the study
by Serwatkiewicz et al. (2000). However, due to unexpectedly profound stereotypy
exhibited by the rats that received APO, the acquisition trials were reduced to four and at

10



test, the doses of APO and AMP were reduced by half for ethical and health concerns of
the rats. The design of this experiment included testing all rats with VEH to find
evidence for conditioning. All rats were also tested with APO and AMP as research has
shown evidence of cross-sensitization of APO and AMP (Laudrup & Wallace, 1999).
However, due to the unexpectedly different effects that APO and AMP had on running,
the analysis for cross-sensitization was not performed. Instead, it was more appropriate
to makecomparisonsbehweentheVEngoupratswiththedruggroupratsontheVEH
test and the appropriate drug test.
Method

Subjects

Twenty-four male Sprague-Dawley rats (Charles River Canada) that weighed
between 329 and 407g on the day of the first injection were housed individually in
standard shoebox cages (51 x 28 x 22cm). These animals had been used in a previous
experiment involving the effects of single and pair housing on food and water intake
(Lopak, 2000). They had ad-lib access to rat chow pellets and tap water for the duration
of the experiment except during testing in the wheel apparatus. The colony room was
maintained at 21-22°C. The lights were kept on a 12:12 light/dark cycle with the
experimental procedure being conducted during the light portion of the cycle.
Apparatus

Twelve running wheels (11 cm.wide, 33 cm in diameter) on a single rack were kept in
the animals’ colony room. All of the wheels had resting cages attached (25 x 17 x 20 cm)
to whichtheanhnalshadﬁeeaccessdurhgthewheelnmningpanoftheexpem.
Each wheel had one magnet aligned with a reed switch, which recorded one count for

11



each full revolution of the wheel. Counts were recorded by the Dataquest III system
(Mini-Mitter Co.) in 5-second bins and were summed for the full hour. Animals could
see and hear each other in the wheels.
Drugs

Apomorphine hydrochloride (APO; 5.0 mg/ml) was dissolved fresh everydayina
VEH consisting of 1% ascorbic acid. D-amphetamine sulfate, (AMP; 3.0 mg/ml), was
dissolved in a VEH consisting of physiological saline. VEH injections were either
ascorbic acid or physiological saline. All drugs were injected at a volume of 1.0 ml/kg.
Procedure

After the rats finished the pair housing experiment, they were habituated in the colony
room for two weeks before this procedure. During this time they were weighed every
day during the light part of the cycle. The procedure of this experiment followed that
used by Serwatkiewicz et al. (2000). Each animal received injections of either AMP
intraperitoneally (i.p.), APO s.c. or VEH, half i.p. and half s.c. Due to the number of
wheels available, animals were tested in two replicates of 12. At the beginning of the
experiment the animals were randomly assigned (counterbalanced for their previous
experience) to one of three groups: GVEH, GAMP, and GAPO, based on the drug
injected. On each acquisition day, all animals were weighed, and given the appropriate
injection of VEH, AMP or APO and returned to their home cage. Twenty minutes later
they were placed in the wheel cages for one hour. Then they were removed and returned
to their home cages. A seven-day interval followed before sensitization tests for this
experiment. On days 15, 17, 19, animals were given a VEH test (TVEH), a 1.5 mg/kg
AMP test (TAMP) and a 2.5 mg/kg APO test (TAPO) in a counterbalanced manner.

12



Results
The effect of drug on mean number of wheel turns over four acquisition trials is
shown in Figure 1. A 3 (GROUP; GAMP, GAPO and GVEH) x 4 (TRIAL) mixed
analysis of variance (ANOVA) revealed significant main effects of TRIAL, F (3, 63) =
8.79, p <0.01, GROUP, F (2, 21) = 7.26, p < 0.01, and a TRIAL x GROUP interaction, F
(6, 63) =6.27, p <0.01. (In this thesis for all repeated measures test performed, reported
values are also significant with a Greenhouse-Geisser sphericity correction factor).

Post-hoc tests were performed to determine how the groups differed. Tukey’s HSD
multiple comparisons revealed that the groups did not differ on trial 1. On trial 2, GAMP
rats ran significantly less than GVEH rats, p < 0.05, while on trials 3 and 4, rats in
GAMP ran significantly less than animals in both GVEH and GAPO, p < 0.05. No
differences for any trials were found between rats in GAPO and GVEH. In comparison
to the initial injection, GAMP rats ran less with each drug treatment. GAPO and GVEH
animals increased their running over treatments in an equivalent manner.

The effects of TVEH, TAMP, and TAPO tests on the three groups of rats are shown
in Figure 2. A 3 (GROUP) x 3 (TEST) mixed ANOVA revealed only a significant
GROUP x TEST interaction, F (4, 42) = 3.53, p <0.05. To assess the effects of the
specific tests, three one-way ANOVA'’s were conducted (one for each test). Significant
TVEH, E (2, 21) = 5.57, p < 0.05, TAMP, F (2, 21) =4.72, p <0.05, and TAPO, F (2, 21)
= 3.99, p < 0.05 differences in wheel running were found.

As differences between the two drugsandVEHaretheimpoi‘tantcontrasts,thefocus
will first be on the difference between the GVEH and GAMP rats on the TVEH and

TAMP tests. Tukey’s HSD multiple comparisons revealed that GAMP rats ran
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significantly less than GVEH animals, on both the TVEH and TAMP tests, p < 0.05.

- These results suggest that prior exposure to AMP has an effect on running after both
VEH and AMP injections. These effects are consistent with a sensitization explanation--
that repeated AMP administration suppresses running more than the initial AMP
injection. Further, the finding that GAMP rats (relative to GVEH rats) suppressed
running in the TVEH test indicates that cues, such as environmental stimuli, handling,
and injection, may have become associated with the drug's effects. These results suggest
that AMP injections may induce a conditioned suppression of running in addition to its
direct drug effects.

Similar comparisons between GVEH and GAPO animals on the TVEH and TAPO
tests revealed a different profile. GAPO rats ran more than GVEH rats in the TAPO test,
an effect that approached significance, p = 0.07. This difference in APO effect is
supportive of a sensitization of APO induced running. When tested with TVEH, running
in GAPO rats was not significantly different from GVEH rats and in fact GAPO rats'
average running was lower than that of animals in GVEH. Thus, there was no evidence
for conditioning factors in explaining why rats with prior APO experience ran more in
response to an APO injection than drug naive rats.

Discussion

The results of the first experiment indicate that more research would be necessary to
better understand how stimulants affect wheel running. Since the running suppression
with AMP was replicated, further experimentation with AMP and wheel running was not
carried out in this thesis. Instead, lower doses of APO were explored because a dose of

5.0 mg/kg produced stereotypy that may have affected the rats' running. Several
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possibilities that may have produced the differences in running are discussed for the first
experiment, however they are only suggestions and are not explored in this thesis.

The first experiment confirmed Serwatkiewicz et al.'s (2000) finding. Repeated AMP
administration suppressed wheel running, with the suppression becoming more
pronounced over trials. The suppression in wheel running is an important finding
because previous literature has found that repeated AMP treatment elevated locomotor
activity in other types of apparati such as open fields and activity drums (Bernardi et al.,
1986; Kuczenski ef al., 1982; Segal & Mandell, 1974). In comparison, previous research
on AMP and wheel running sometimes reported an elevation in running, (Evans_&
Vaccarino, 1986) while other studies found a running suppression (Gearx, Fudge, & Le
Sauter, 1992). It was suggested by Serwatkiewicz ef al. (2000) that studies which
reported a running suppression used animals that had no or very limited wheel access.
Conversely, those that found an elevation in running involved animals that had extensive
exposure to a running wheel. In other work using rats that were either naive to the
running wheel or had 24-hour wheel access for 24 days it was revealed that with a 3.0
mg/kg AMP administration, wheel-naive rats ran significantly less than VEH injected
controls while rats that had previous exposure to the wheel ran considerably more than
VEH injected controls (Vilaysinh & Eikelboom, 2000). The amount of exposure to the
running wheel may thus be an important factor in determining whether AMP will
produce a running suppression or elevation.

The effects of repeated APO administration on wheel running were different from
those of AMP. With repeated 5.0 mg/kg APO administration, there was no difference in

the number of wheel turns compared with the control group rats. In comparison,
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Mattingly et al. (1997) found an elevation in running with this dose of APO using eight
acquisition trials. Since Mattingly et al. used Wistar rats and this study used Sprague-
Dawley rats, it is possible that test strain differences are responsible for the varying
sensitivity of APO on wheel running. Research has found that different strains of rats
respond differently with AMP (George, Porrino, Ritz, & Goldberg, 1991; Leith &
Kuczenski, 1982) and APO (Essman, Luedtke, PcGonigle, & Lucki, 1995)
administrations. The Sprague-Dawley rats used in the present research seem to be more
sensitive to a high dose of APO compared to the Wistar rats used in Mattingly et al.'s
study. In their study, they had eight acquisition trials using a 5.0 mg/kg APO dose, but
did not report any stereotypy that may have interfered with wheel running. It is possible
that additional acquisition trials in this experiment could have elevated running, however,
health concerns for the animals prevented further acquisition trials using this high dose.
Thus, further studies using a lower APO doses in this preparation with Sprague-Dawley
rats will be necessary.

It is also possible that the effects of APO might change in a complex manner with
dose. As discussed earlier, APO acts on both the DA autoreceptors and post-synaptic
receptors depending on the dose administered. Lower doses might result in an AMP-like
wheel running suppression or might result in an elevation of running. Clearly from this
first study, at these doses, repeated AMP and APO administration have different effects
on wheel running behaviour and this difference in effect was not due to procedural

differences.
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Experiment 2

Although the number of wheel turns in rats administered 5.0 mg/kg APO did not
differ from VEH rats, the pattern of running may not be the same. It appeared that 5.0
mg/kg APO was a high dose that produced stereotyped behaviour which may have
prevented the running elevation reported by Mattingly er al. (1997). It is possible that
smaller doses of APO, that do not produce stereotypy, may have a stronger elevating
effect on running. Since a range of APO doses has not been tested, it is not clear if the
differences in APO and AMP's effects on wheel running are dose specific. As the 5.0
mg/kg dose seemed large in terms of the behaviours it elicited, a range of lower doses
was tested in this second experiment.

In this second experiment, several procedural changes were made from the first
experiment. The number of acquisition trials was increased from four to five since the
magnitude of sensitization gets larger with each trial. The 20-minute delay before the
rats were placed in the wheels was eliminated due to the time course difference of AMP
and APO. Vanderschuren et al. (1999a) found that AMP's locomotor effects are greatest
around 120 minutes after the injection, whereas Mattingly er al. (1988b) showed
significant increases in activity over approximately 45 minutes after APO administration.
Therefore in this experiment that used only APO, there was no delay before rats were
placed in the wheels, and only 45 minutes of wheel running was measured.

There was also a change in the-apparatus used. In the first experiment, 12 wheels
were aligned on a single rack and kept in the colony room. This second experiment used
four wheels that were separated from each other and kept in a testing room different from

the colony room. This change was made due to the unavailability of wheels on the rack
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at the time of the experiment. Since wheel differences were examined and found not to
influence running (Limebeer, 1998), it was believed that the difference in apparatus
would not influence APO's effects on the animals' running.

The design of this experiment included testing with 0.0, 1.0, and 2.5 mg/kg APO.
These doses were chosen in order to include the lowest (0.0 mg/kg) and the highest dose
(1.0 mg/kg) of APO administered during acquisition trials. To be able to make
comparisons with Experiment 1, 2.5 mg/kg APO was also included at testing.

Method
Subjects

Twenty-four male Sprague-Dawley rats (Charles River Canada) that weighed
between 363 and 466 g on the first day of injection served as subjects. These rats were
previously involved in a study looking at the effects of pair-housing on feeding and had
experienced periods of individual and pair housing (Lopak, 2000). For this experiment,
they were individually housed and had ad-lib access to food and water.

Apparatus

Four individual running wheels (11 cm wide x 33 cm in diameter) were kept in a
quiet room separate from the animals’ colony room. All of the wheels had resting cages
(25 x 30 x 25 cm) attached to which the animals had free access during the wheel part of
the experiment. Cages and wheels were separate from each other and placed on a table
around the room preventing rats from visual contact. Each wheel had one magnet aligned
with a reed switch, which recorded one count for each full revolution of the wheel
Counts were recorded by the Vital View system in 5-second bins and were summed for

the full session.
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Drugs

Aliquots of APO (0.1, 0.3 and 1.0 mg/ml) were prepared every testing day in a VEH
consisting of 1% ascorbic acid. VEH injection was 1% ascorbic acid. All drugs were
injected s.c. at a volume of 1.0 ml/kg.
Procedure

After completing the pair-housing experiment, all animals were individually housed
and given seven days of daily weighing before the start of the present experiment. At the
beginning of the experiment, rats were randomly assigned to one of four groups (GVEH,
GO.1, GO.3, or G1.0) based on the dose of APO injected. Due to the number of wheels
available, animals were tested in six replications of four with each dose tested in each
replication. On acquisition days, groups of four animals were transported from the
colony room to the test room. They were injected s.c. with the appropriate dose of APO
and then placed in the wheel cages for 45 minutes. This procedure was carried out at
least 48 hours apart, on days 1, 3, 6, 8, and 10. On the days that they were not tested, rats
were simply weighed. Ten days after the last acquisition trial, on days 20, 22, and 24,
they were tested with VEH, 1.0, and 2.5 mg/kg APO (TVEH, T1.0, and T2.5)ina
counterbalanced manner.

Results

Figure 3 shows the effects of low doses of APO administrations on mean number of
wheel turns over five acquisition trials. A 4 (GROUP; GVEH, G0.1, G0.3, and G1.0)x 5
(TRIAL) mixed ANOVA revealed significant main effects of TRIAL, F (4, 80) = 6.72, 1)
<0.01, GROUPF (3, 20) = 6.77, p < 0.01, and a significant TRIAL x GROUP
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interaction, F (12, 80) =2.51, p <0.01. Subsequent tests explored the effects of APO
- dose on running for each acquisition trial.
Therehﬁomhipbetweenthedoseofadmgandthemsponseiteﬁchsistypically
depicted and interpreted in terms of a dose-response curve. Since this experiment used a
range of APO doses, it is possible to explore the dose-response relationship. The effects
of dose of APO on the pattern of running in rats in this experiment were assessed by
performing separate trend analyses for each acquisition trial. There was a significant
linear contrast for all trials, with the lowest F value in trial 1,E(, 20)=9.08, p <0.01,
and no higher order trends. This result suggests that as the dose of APO increases from
0.0 mg/kg to 1.0 mg/kg, there is also a corresponding increase in the running suppression.
Figure 4 shows the effects of TVEH, T1.0, and T2.5 APO tests on mean number of
wheel turns. A 4 (GROUP) x 3 (TEST) mixed ANOVA revealed only a significant main
effect of TEST, F (2, 40) = 16.19, p < 0.01. Average running was lower when rats were
tested with 1.0 mg/kg and 2.5 mg/kg APO than when tested with VEH. To assess the
effect of the tests, three one-way ANOVA’s were conducted (one for each test). Only the
TVEH test was significant, F (3, 20) = 3.29, p < 0.05. Trend analysis was performed for
TVEH test, and a significant linear contrast was found, F (1, 20) = 8.95, p<0.01. This
indicates that as the previous exposure to APO increased from 0 to 1.0 mg/kg running
was increasingly suppressed in the TVEH condition. This finding is consistent with a
ddse-dependent conditioned suppression explanation, with the greatest suppression seen

in G1.0 rats.
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Discussion

This experiment found that APO at doses between 0.1 and 1.0 mg/kg produced a
dose-dependent suppression in running, represented by the significant linear trend during
acquisition. This finding was unexpected and was not completely consistent with
previous literature exploring these doses of APO and their effects on activity. To review,
at low doses (< 0.2 mg/kg), APO decreased activity in rats (Katsura et al., 1984;
Mattingly er al., 1988b; Nickolson, 1981; Radhakishun & Van Ree, 1987; Nowak &
Kuschinsky, 1987; Van Ree & Wolterink, 1981) and at higher doses (> 0.5 mg/kg), APO
elevated activity (Katsura et al., 1984; Nickolson, 1981) and elevated running (Mattingly
et al., 1988b). Evidence has suggested that the inhibitory effect of low APO dose was
due to autoreceptor stimulation and the excitatory effect of high APO dose was due to
postsynaptic receptor stimulation (Katsura ez al., 1984; Nickolson, 1981). Therefore, it
would have been expected that at low doses there may be a running suppression, and a
dose of 1.0 mg/kg APO should stimulate the DA postsynaptic receptor and elevate
running, which was not found. It should be noted that these results are consistent with
AMP effects seen previously in this lab (Serwatkiewicz ef al., 2000), where AMP also
suppressed running in a dose dependent manner.

There are some studies reporting a suppression in locomotion with high doses of
APO, but they also found elevations in stereotyped behaviour (Segal & Mandell, 1974).
There was a negative correlation between locomotion and stereotypy--higher stereotyped
behaviour resulted in lower locomotion. Stereotypy may be an explanation for the
suppression in running seen with 1.0 mg/kg, as engaging in stereotypic behaviour may
interfere with running in the wheel. Evidence from the first two experiments however,
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does not provide strong support for this explanation. For example, in Experiment 1, APO
at a dose of 5.0 mg/kg did not suppress nor elevate running although stereotypy was
present. Since higher APO doses result in higher stereotyped behaviour, a greater
suppression in running with 5.0 mg/kg than with 1.0 mg/kg would have been expected.
Therefore, it is unlikely that stereotypy was the main contributing factor in the wheel
running suppression with a 1.0 mg/kg APO dose.

As there seems to be a suppressive trend in running in drug response from 0.1 to 1.0
mg/kg and also a difference in running from 1.0 to 5.0 mg/kg of APO, a wider range of
drug doses was tested in the third experiment.

Experiment 3

The results from the first and second experiments suggest that APO dose plays an
important role in the drug's affect on wheel running. At doses used in Experiment 2, (0.1
to 1.0 mg/kg), APO had a dose-dependent suppressive effect on running. At a high dose
used in Experiment 1 (5.0 mg/kg), running was neither suppressed nor elevated, although
the animals did exhibit severe stereotyped behaviours that may have prevented an
elevation in their running. There were also differences between these two experiments in
response to TVEH test injections. In Experiment 2 there was a suppression in running
seen in rats previously exposed to APO when tested with VEH. This suppression varied
with prior APO dose, becoming larger as the dose increased. In contrast, in Experiment 1
where 5.0 mg/kghadno effect on the amount of running there was no evidence for any
conditioned effect. Given the complex actions of APO on DA receptors and now the

complex effects of APO on wheel running, it seemed prudent to explore a larger dose

range of APO in this experiment.



Several changes from Experiment 2 were made in this experiment. First, instead of
the separate wheels that were used in the second experiment, the wheels on the rack were
used again and kept in the animals’ colony room for this experiment. The animals were
pair-housed through-out the experiment, for convenience and space limitation in the
colony room as opposed to individually housed as in Experiment 1. This change was
believed to not have any effect on the results since all rats were tested individually in the
wheels.

Method
Subjects

Forty-eight male Sprague-Dawley rats (Charles River Canada) that weighed between
200 and 250g on the first day of injection served as subjects. They were naive to
experimentation and were pair-housed throughout the entire experiment.

Apparatus

The wheels used in this experiment were the same as those of Experiment 1.
Drugs

Aliquots of APO (0.03, 0.1, 0.3, 1.0 and 3.0 mg/ml) were prepared every testing day
in a VEH consisting of 1% ascorbic acid. VEH injection was ascorbic acid.
Procedure

The animals were habituated in the colony room for two weeks before the
experimental procedure. During thls time they were weighed daily. At the beginning of
the experimént the animals were randomly assigned to one of six groups (GVEH, G0.03,
GO.1, GO.3, G1.0 or G3.0) based on the APO dose injected. Animals were tested in

groups of 12 in the colony room. On acquisition days, they were injected s.c. with the
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appropriate dose of APO and then placed in the wheel cages for 45 minutes. On the days
that they were not tested, they were simply weighed. This procedure was carried out for
days 1, 3, 6, 8, and 10. On days 20, 22, and 24, ten days after the last acquisition trial,
they were tested with TVEH, T1.0, and T2.5 APO in a counterbalanced manner. After
four acquisition trials, one of the G3.0 rats exhibited stereotypic behaviour that was
similar to that discussed in Experiment 1, and therefore did not receive a fifth acquisition
trial. All rats did however, receive all tests.

Results

Figure 5 shows the effect of a range of APO doses on mean number of wheel turns
over five acquisition trials. A 6 (GROUP: GVEH, G0.03, G0.10, G0.30, G1.00, and
G3.00) x 5 (TRIAL) mixed ANOVA revealed significant main effects of TRIAL, F (4,
164) = 21.319, p < 0.01, GROUP, F (5, 41) = 2.86, p < 0.05, and a significant TRIAL x
GROUP interaction, F (20, 164) =3.52, p <0.01.

Following Experiment 2, to assess whether there was a dose-response relationship,
separate trend analyses were performed for each acquisition trial. The groups did not
differ on the first acquisition trial, F < 1.0. For trials 2 to 5 there was always a significant
linear trend, with the smallest F value in trial 3, F (1, 42) = 5.09, p <0.05. On trials 2
and 3 the quadratic trend approached significance, F (1, 42) = 3.874, p =0.06, and F (1,
42) = 3.87, p = 0.06, respectively. On trials 4 and 5 the quadratic trend was significant, F
(1,42) =6.51, p < 0.05, and F (1, 41) = 4.57, p < 0.05, respectively. The significant
lmearandquadranc trends suggest that the graphic representation of the dose-response
curve for the dose range of APO tested in this study is curvilinear.
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Figure 6 shows the effect of TVEH, T1.0 and T2.5 APO tests on mean number of
wheel turns. A 6 (GROUP) x 3 (TEST) mixed ANOVA revealed a significant main
effect of GROUP, E (5, 42) =2.48, p < 0.05, and a significant GROUP x TEST
interaction, F (10, 84) = 3.59, p <0.01. The effects of the tests were assessed using three
one-way ANOVA’s (one for each test). No significant group difference effect was found
for TVEH, suggesting that in this experiment prior drug history did not significantly
influence running. There was a significant effect of GROUP in the T1.0 test, F (5, 47) =
3.06, p <0.05, and a significant GROUP effect in the T2.5 test, E (5, 47) =2.97, p < 0.05.

Trend analyses were performed for T1.0 and T2.5 tests. There was a significant
linear trend for T1.0, E (1, 42) = 10.42, p < 0.01, and a quadratic trend that approached
significance, F (1, 42) =3.22, p =0.08. Testing with T2.5 revealed both a significant
linear, F (1, 42) = 6.48, p < 0.05, and quadratic trend, F (1, 42) = 5.48, p < 0.05. The
significant quadratic trend suggests that rats treated with low APO doses run less and
those treated with higher doses run more, compared to control VEH animals receiving
APO for the "first" time. These test results seem consistent with the effects of APO seen
during acquisition trials in this experiment. On the first acquisition trial APO at all doses
had little effect and during test when GVEH rats received APO it also appeared to have
minimal effects. For the groups that received repeated APO administration, the effect of
T2.5 test seemed to potentiate the effects seen during acquisition.

Discussion

Interestingly, this third experiment testing a larger range of APO dose failed to find
the suppression in running seen with 1.0 mg/kg APO in Experiment 2. In fact this dose
and the 3.0 mg/kg dose of APO produced elevations in running. In the second
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experiment, rats were transported to a testing room, whereas in this third experiment they
- remained in the colony room. Fraioli, Crombag, Badiani, & Robinson (1999) reported
that sensitization to the locomotor increasing effects of AMP were very sensitive to the
exact procedure used in their induction. Only when rats were transported to a novel
environment, and not when AMP was administered in their home cage was sensitization
evident. In their study, rats were administered seven intravenous (i.v.) daily infusions of
either saline or 0.375 mg/kg AMP in two different environments. The HOME groups
received the infusions in their home cage whereas the NOVEL groups received the
infusions in a novel environment. Seven days following their last saline or AMP
treatment, all rats were given a challenge infusion of 0.375 mg/kg AMP, using the
procedure used to induce sensitization. With the first injection, there was no difference in
locomotor activity between HOME and NOVEL groups of rats administered AMP and
those administered saline. In the HOME groups, rats that received repeated AMP
treatments showed greater locomotor activity than those that received saline, however,
this small locomotor effect did not change with repeated administration. In addition, this
group also failed to show sensitization to the challenge infusion of AMP. So in the home
cage, the locomotor effects of AMP were relatively minor. On the other hand, locomotor
activity in rats treated with AMP in a novel environment became progressively larger
with each infusion and sensitization was evident when they were given the AMP
challenge. This suggests that the nature of the environment in which the rats receive the

drug (HOME vs NOVEL) may profoundly the development of sensitization.
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The fourth experiment examined APO effects on wheel running of rats tested in the
colony room (as in Experiment 2), and rats transported to a novel testing room (as in
Experiment 3).

Since minor changes in procedure that were originally believed to not have a
significant effect on wheel running, did in fact seem to have an effect, the fourth
experiment replicated Experiment 2 and 3 as much as possible.

Experiment 4

Experiment 4 aimed to clarify the discrepant findings between Experiments 2 and 3
with 1.0 mg/kg APO. This experiment specifically tested 0.0 and 1.0 mg/kg APO
repeating the procedures of Experiments 2 and 3.

Method
Subjects

Thirty-six male Sprague-Dawley rats that weighed between 292 and 360 g on the first
day of injection served as subjects. They were naive to experimentation and were
individually housed through out the experiment.

Apparatus

Four separate wheels (the same as in Experiment 2) were located in a testing room,
different from the animals’ colony room. Twelve running wheels on a single rack (the
same as in Experiment 3) were located in the colony room.

Drugs

Aliquots of APO (1.0 mg/ml) were prepared every testing day in a VEH consisting of

1% ascorbic acid. VEH injection was ascorbic 1% acid. All drugs were injected s.c. at a

volume of 1.0 ml/kg.
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Procedure

Rats were randomly assigned to one of four conditions: the first two groups were
treated the same as those in Experiment 3, using separate wheel cages (SAPO, n =8 and
SVEH, n = 8), the third and fourth groups were treated the same as those in Experiment
2, using the wheel rack (RAPO, n = 10 and RVEH, n = 10). Rats tested in the separate
cages were tested in four replicates of four rats. Animals tested in the wheel rack were
tested in two replicates of ten rats. On each acquisition day, SAPO and SVEH rats were
transported from the colony room to the test room. Then they were injected with the
appropriate drug and placed into the separate wheels. Their running was measured for 45
minutes and then they were transported back to their colony room. For animals in groups
RAPO and RVEH, they were injected with the appropriate drug and then placed in the
wheel cages on each acquisition day. Their wheel running was measured for 45 minutes
and then they were returned to their home cages. This procedure was carried out for days
1,3,7,9,and 11. On the days they were not given the injections, they were simply
weighed. There was an eight day delay before they were tested with TVEH, T1.0, and
T2.5 in a counterbalanced manner on days 19, 21, and 23. One of the rats in the RAPO
group exhibited severe stereotypy and bleeding from the digits and was not tested with
T2.5 test.

Results

Figure 7 shows the effect of 1.0 mg/kg APO on wheel running of rats tested in the
wheel rack and separate cages over five acquisition trials. To assess the effect of APO in
the different testing environment on wheel running, a 5 (TRIAL) x 2 (DRUG: APO and
VEH) x 2 (PLACE: RACK and SEPARATE) mixed ANOVA was conducted. There
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were significant main effects of TRIAL, F (4, 128) = 7.85, p <0.01, DRUG, F (1, 32) =
9.65, p < 0.01, and the main effect of PLACE approached significance, F (1, 32) =3.54, p
=0.07. There was also a significant TRIAL x PLACE interaction, F (4, 128) = 3.29, p <
0.05, a PLACE x DRUG interaction that approached significance, F (1, 32) =3.82,p=
0.06, and a significant TRIAL x PLACE x DRUG triple interaction, F (4, 128) =3.11, p
<0.05. Five separate 2 (DRUG) x 2 (PLACE) ANOVAs were conducted (one for each
trial) and several significant results were found. The main effect of PLACE was
significant on trials 3, 4, and S, with the smallest F value in trial 4, F (3, 32) = 4.28, p <
0.05. The main effect of DRUG was significant for trials 1, 2, 4, and 5, with the smallest
F value in trial 5, F (1, 32) = 4.68, p <0.05, and approached significance on trial 3, F (1,
32) =3.53, p=0.07. The DRUG x PLACE interaction was significant for trials 4 and S,
E (1,32)=5.02, p <0.05, and F (1, 32) = 5.86, p < 0.05, respectively.

To determine how the place and dose interacted, simple main effects comparing APO
to VEH in each environment were analyzed. Significant differences in the drug effect in
the two testing environments were found. When rats were tested on the rack, groups
RAPO and RVEH differed significantly only on trial 1, F (1, 32) =4.95, p <0.05. This
finding indicates that rats administered APO suppressed their running compared to those
administered VEH in the wheel rack only on the first trial. However, with additional
APO injections RAPO animals did not differ in running from the RVEH rats. A different
profile existed for those rats testeci in the separate cages. Rats in group SAPO ran
signiﬁcantly.lessthantatsingroup SVEH on trials 2, 3, 4, and S, with the lowest F value

in trial 2, F (1, 32) = 4.94, p < 0.05.
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Comparisons between the two groups of rats receiving APO (one in each
environment) revealed that running differed on trials 3, 4 and 5, lowest F value on trial 3,
E (1, 32) =7.54, p <0.05. On these trials, rats administered APO in the rack (group
RAPO) ran significantly more than rats administered APO in the testing room (group
SAPO). This difference in running between the APO animals tested in the wheel rack
and the separate cages could be due to the variation in environmental setting or
mechanics of the wheels, and therefore might not accurately reflect the drug's effects.
However, comparisons of control rats' running in the two environments failed to support
any of these assumptions. There were no differences in running for the animals receiving
VEH in either environment, F < 1 on all trials. Since the control animals ran the same
amount in both environments, it suggests that the differences in environment and/or
wheel apparatus did not prevent or facilitate running in control rats.

The effects of TVEH, T1.0 and T2.5 APO tests on wheel running in the two
environments are shown in Figure 8. A 2 (DRUG) x 2 (PLACE) x 3 (TEST) mixed
ANOVA revealed a significant main effect of PLACE, F (1, 31) =4.66, p <0.05, a
significant DRUG x PLACE interaction, F (1, 31) = 4.65, p <0.05, a DRUG x TEST
interaction, F (2, 62) = 4.03, p < 0.05 and a significant DRUG x PLACE x TEST triple
interaction, F (2, 62) = 3.43, p <0.05. To assess the effect of the tests on running, three
separate 2 (DRUG) x 2 (PLACE) ANOV As were conducted (one for each test). There
was a significant main effect of DRUG for the TVEH test, F (1, 32) = 7.38, p < 0.05.
Animals that had a histary of APO ran less than rats with no APO experience when tested

with VEH suggestive of a conditioned suppression of running.
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For test T1.0, the main effect of PLACE, F (1, 32) = 7.15, p <0.05, and of DRUG
was significant, F (1, 32) = 4.05, p = 0.05. The DRUG x PLACE interaction was also
significant for the T1.0 test, F (1, 32) = 7.38, p < 0.05. No significant results were found
for the T2.5 test, however, the DRUG x GROUP interaction approached significance, F
(1,32) =3.86, p=0.06.

To fully examine the DRUG x GROUP interaction, simple main effects were
analyzed. For rats tested on the rack, significant simple main effects of tests TVEH and
T1.0 were found, F (1, 32) =6.37, p <0.05, and F (1, 32) = 12.57, p<0.01, respectively.
The simple main effect of test T2.5 approached significance, F (1, 32) = 3.54, p=0.07.
In the rack condition, RAPO rats that were administered TVEH at test suppressed their
running compared to RVEH rats. However, when administered T1.0 and T2.5 at test,
RAPO rats ran more than RVEH rats. For rats tested in the separate cages, there were no
significant simple main effects, indicating that both SAPO rats and SVEH rats ran
equally on all tests.

Discussion

The question that this experiment aimed to answer was whether procedural
differences had an effect on wheel running of rats administered 1.0 mg/kg APO. The
results for the acquisition trials indicate that rats administered APO and tested in the
wheel racks ran significantly more than those tested in the separate cages. The
suppression in running of rats transported to the testing room and placed in the separate
cages was found both in this experiment and in Experiment 2. However, repeated 1.0
mg/kg APO administration seems to have a different effect on rats tested in the colony
room using the wheels on a single rack. In both Experiment 3 and this experiment, APO
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did not suppress running and in fact in Experiment 3 this dose elevated running relative

- to the VEH control group. The equivalent running of rats treated with VEH in the two
environments in this experiment and in the comparing VEH group rats in Experiments 2
and 3, rules out the possibility that environment and/or apparatus differences was
responsible for the APO group differences. Running in the two environments were
different only when rats were repeatedly injected with 1.0 mg/kg APO. This suggests
that the effects of APO at this dose are significantly influenced by environmental factors.

From informal observation, in the wheel racks running in one cage would create a
noisy environment for all the rats that were tested at that time. The noise could
potentially have acted as a stimulus triggering running in the other rats. The separate
wheel cages, on the other hand, were distinctly separated from each other and running in
one cage did not create as much noise. The speculation that environmental noise was
important in the effects of repeated 1.0 mg/kg APO administration on wheel running was
tested in Experiment 5.

Experiment §

Evidence suggests that environmental stimuli have profound effects on the activity of
rats treated with stimulants, and also rats that have been food deprived. Research by
Davis (1988) examining the effects of APO and AMP on acoustic startle found that
startle was greater in rats after an injection of 3.0 mg/kg APO or 4.0 mg/kg AMP. Also,
Hall (1956) found that minimal changes in environmental stimulation can affect a food-
deprived rat's activity. For example, for food deprived rats, an increase or change in
environmental stimuli resulted in an increase in wheel running. It has been suggested
that deprivation does not necessarily increase activity, but increases reactivity to external
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stimuli that is measured as running in the wheel (Campbell & Sheffield, 1953). It is
possible that exposure to drugs also increases reactivity to external stimuli. Therefore,
increasing environmental stimuli should affect wheel running in rats administered a drug
more so than those not given any drug.

There was a distinct difference in the amount of environmental stimuli rats were
exposed to in the above experiments. The running suppression was always observed with
repeated 1.0 mg/kg APO in rats tested in the separate wheel cages, but not in the wheel
rack. Since the wheels in the rack produced more noise compared to the separate cages,
it is possible that APO rats were more reactive to the noise in the rack. The fifth
experiment tested all animals in the separate cages, manipulating the amount of noise
present during testing.

Method
Subjects

Sixteen male Sprague-Dawley rats (Charles River Canada) that weighed between 295
and 314 g on the first day of injection served as subjects. These rats were previously
involved in a study looking at the effects of pair-housing on feeding and had experienced
periods of individual and pair housing (Lopak, 2000). For this experiment they were
individually housed and had ad-lib access to food and water.

Apparatus
The wheels used were the same as Experiment 2.
Drugs
APO (1.0 mg/ml) was dissolved every testing day in a VEH consisting of 1%

ascorbic acid.
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Procedure

After being housed individually animals were given seven days of daily weighing
before the start of the experiment. At the beginning of the experiment, rats were
randomly assigned to one of two groups (NOISY and QUIET) based on the
environmental manipulation. The rats were tested in four replicates of four in a
counterbalanced manner. Rats in the NOISY group were injected with APO and placed
in the wheel cages for 45 minutes with a radio playing in the background for the entire
duration. Rats in the QUIET group were treated the same except the environment was
quiet. This procedure was repeated for days 1, 3, S, 8, and 10.

Results

Figure 9 shows the mean running in APO-treated rats that were tested in a noisy
versus quiet environment over five acquisition trials. The results were analyzed using a 2
(GROUP) x 5 (TRIAL) repeated measures ANOVA. No significant results were found,
indicating that over the five trials, group NOISY did not differ from group QUIET.

Discussion

Manipulation of noise in this experiment was unsuccessful in explaining the running
differences with repeated administration of 1.0 mg/kg APO. The choice of noise was
perhaps not an ideal environmental manipulation. Since the radio played continuously
for the duration of the wheel sessions for rats in the NOISY group, they may have
habituated to the sound of the radio and therefore this noise might not have affected their
running. Another important environmental manipulation that was not explored in this
thesis is the diﬂ'érence in testing rooms in Experiments 2 and 3. Evidence suggests that

animals differ in their response to drug administrations when injections are given in the
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home versus a novel environment (Fraioli ef a/, 1999). Perhaps rats that were physically
moved from their colony room to the test room experienced a stronger, or at least a
different, drug-environment association than those that were housed and tested in the
colony room. These and other speculations of environmental influences of APO-induced
wheel running remain to be tested in fisture studies.
General Discussion

The experiments in this thesis indicate that the effects of repeated AMP and APO
administration on wheel running are affected by dose, number of drug injections, and the
administration environments. How these factors combine to result in the running
observed is not clear. The procedures employed in Experiments 1 to 4 consistently
involved two phases, acquisition and testing. The findings of the acquisition trials across
all experiments will be reviewed first, then the findings of the tests, and finally research
on how drugs and wheel running relate to other areas of research will be discussed.

When the effects of APO doses on rats' running during the acquisition trials of
Experiments 1 to 4 were compared, several interesting patterns emerged. First, in
Experiment 2, a significant linear contrast suggested that as the dose of APO increased
from 0.0 to 1.0 mg/kg, there was also a corresponding decrease in running. In
Experiment 3, the significant quadratic trend suggested that the dose-response curve for
APO on wheel running is curvilinear. Evidence from Experiments 1 to 4 suggest that the
dose response curve may be depic;ed as a U-shape, with low APO doses producing a
suppression in running and higher doses an elevation. However, the inconsistent findings

with 1.0 mg/kg APO on wheel running adds complexity to this simple interpretation.
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A 1.0 mg/kg dose of APO either elevated or suppressed wheel running during
acquisition trials in different experiments. In Experiment 2, rats injected with 1.0 mg/kg
APO ran very little (< 5 wheel turns on all acquisition trials), whereas in Experiment 3,
they ran considerably more than VEH treated rats (> 300 wheel turns by the fifth
acquisition trial). When the procedures of Experiments 2 and 3 were replicated in
Experiment 4 with repeated 1.0 mg/kg APO administration, rats' running was again
dependent on the environment that they were tested in. Consistent with Experiment 2,
results from Experiment 4 revealed that APO rats tested in the separate wheel cages
suppressed their running compared to running in the other groups. For the APO rats
tested on the rack in Experiment 4, running increased in the same manner as VEH rats.
The important finding was that APO rats’ running on the rack was significantly higher
than APO rats' running in the separate cages. VEH rats ran the same amount in both the
rack and separate cages, indicating that differences in environment and procedure did not
affect running in non-APO treated rats, suggesting some type of drug-environment
interaction. In Experiment 5, one hypothesis for this environmental difference,
environmental noise, was investigated, but failed to explain the difference.

Experiment 1 comparing AMP and APO suggests an extra level of complexity. Both
drugs are stimulants, AMP being an indirect agonist, meanwhile APO acts directly on the
DA receptor. However, in this experiment running on the rack was not suppressed after a
high dose of APO. AMP in Experiment 1 and Serwatkiewicz ef al. (2000) consistently
suppressed wheél running on the rack. Thus the same environment has different effects
on running in response to the two stimulants. While the environment influences how

higher doses of APO affect running, the pattern seen with AMP is consistently
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suppressed, but AMP in the separate cages has not been tested. Several studies
contrasting the effects of AMP and APO have found that they produce changes in
behaviour that are dose dependent and distinguishable from each other (Fray et al., 1980;
Laudrup & Wallace, 1999). It would be beneficial to test a wider range of stimulants and
examine how environmental stimuli influence running.

For Experiments 2 to 4, animals were tested with TVEH, T1.0, and T2.5 APO after
the acquisition trials. As acquisition trials in all these experiments included 1.0 mg/kg
APO group of rats, it is possible to look for test commonalties over these experiments.
While there were differences in the APO-induced running during acquisition, there seems
to be a consistent pattern in the TVEH tests when all rats received a VEH injection. First,
the average running in APO rats tested with TVEH was always lower than VEH control
rats. During acquisition trials, G1.0 rats in Experiment 2 and SAPO rats in Experiment 4
ran less than the appropriate VEH control rats. The APO group suppression seen with the
TVEH tests in these two experiments provided evidence of conditioning. On the other
hand, RAPO rats in Experiment 4 did not show a suppression in running during
acquisition trials. In this condition and in Experiment 3 animals receiving 1.0 mg/kg
APO actually ran as much as or more than the GVEH rats. Thus the suppression of APO
rats relative to VEH rats seen on TVEH test does not seem to be linked to the observed
drug effects during acquisition on wheel running. However the fact that running in APO
animals is suppressed on TVEH tests suggest that the unconditioned effect of APO on
wheel running might actually be higher than the observed running after APO. How this
conditioned suppression interacts with the environmental factors influencing APO's

effects on wheel running is not clear at this point.

37



Evidence for conditioning with AMP injections was just as unclear as that with APO.
. In the first experiment, AMP treated rats tested with VEH showed a conditioned
suppression of wheel running, relative to VEH injected rats. A similar conditioned
suppression, however, was not evident in Serwatkiewicz et al.'s (2000) study. When
AMP rats in their study were tested with saline, running did not differ from saline
injected controls. Rats with AMP wheel pairing (group AMP/SAL) showed a
suppression in running compared to the other two groups (SAL/SAL and SAL/AMP).
Pairing the drug with the wheel was an important factor in sensitizing the AMP
suppression of running. Serwatkiewicz er al. ’s rats that were administered AMP in their
home cage and saline before wheel access, thus having the same AMP and wheel
experience as those that were administered AMP before wheel access and saline in their
home cage, ran equivalently to controls. This finding suggests that aithough the
conditioned suppression was not found in saline tests, the drug-environment association
is still an important variable influencing the degree of AMP-induced suppression in
wheel running.

The sensitization of APO on wheel running were evident in Experiments 1 to 4 (with
RAPO rats). In Experiments 1, 3, and RAPO in Experiment 4, where APO did not
suppress running relative to VEH rats, APO animals showed elevated running relative to
VEH rats when they were all tested with T1.0 and T2.5 APO. In addition, those rats that
ran less than VEH rats during acquisition trials (Experiments 2, 3, and SAPO in
Experiment 4) continued to run very little when tested with T1.0 and T2.5 APO. This
argues strongly that the elevation in running seen in some of the APO groups over

acquisition trials (Experiments 1, 3, and RAPO in Experiment 4) is a true sensitization as
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the effects of the test injection of APO were larger in APO experienced rats than in VEH
treated rats. The experiments where APO induced a suppression during acquisition are
more difficult to interpret in the T1.0 and T2.5 tests as there may be a floor effect and so
differences in running between VEH and APO treated rats may not be evident.

The results from the experiments in this thesis and previous research indicate that
although the dose and number of injections influence the animals' response to AMP or
APO administrations, environmental factors play a key role in how the animals will
respond to the drug. Different doses of AMP have been found to increase locomotor
behaviour in dose-dependent manner (Antoniou & Kafetzopoulos, 1991). However, with
wheel running, in rats naive to the wheel, there is a consistent dose-depen.dent
suppression in running (Serwatkiewicz et al., 2000). Consistent with this finding,
Experiment 1 in this thesis found a suppression in running with a 3.0 mg/kg AMP dose.
Responding to APO administrations has also been found to be dose-dependent, with
lower doses suppressing and higher doses elevating locomotion (Mattingly er al., 1988b;
Nickolson, 1981). This thesis also confirmed that APO at low doses suppresses wheel
running while at higher doses of APO running is not suppressed and in certain
circumstances may be elevated.

Since repeated injections are necessary to observe and measure sensitization, the
number of injections also influences the animals' response to the drug. For example,
Damianopoulos and Carey (1993) found that the first injection of 2.0 mg/kg APO
produced hypolocomotion in rats, but that by the fourth injection hyperiocomotion was
observed in comparison to the control group. They also found that five out of the 18 rats

that received the APO injections continued to suppress their locomotive behaviour for all
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four trials suggesting some individual differences in response to APO. This is an
important finding for the present research because it suggests that at 2.0 mg/kg, APO can
produce both a suppression and an elevation in locomotion with repeated injections. In
comparison to this thesis, a 1.0 mg/kg dose of APO also showed both an elevation and a
suppression in running. It is possible that in Damianopoulos and Carey's (1993) study
and in this thesis, that additional injections, more than the four or five administered, may
increase locomotion and wheel running; however, this was not tested.

When 1.0 mg/kg APO was investigated in this thesis, the environment in which the
rats received the injections proved to be significant in determining whether wheel running
would be elevated or suppressed. Comparison of the procedures used by Mattingly et al.
(1997) and this thesis may provide important insight into the differences in wheel running
behaviour. Mattingly et al. used two running wheels that were kept in separate sound-
attenuated experimental cubicles. In comparison to the running wheels used in this
thesis, Mattingly et al's procedure had more in common with the separate cages condition
than the rack condition. Thus, it would be expected that the running in Mattingly et al.'s
animals would be more similar to the rats tested in the separate cages. However, the
elevation in running in Mattingly et al.'s animals was more similar to the rats that were
tested in the rack. The results from Mattingly et al.'s study and this thesis indicate that
although running seems to be affected by environment, the exact manipulation(s) that
determines whether running is increased or decreased is not known.

The importance of environment in sensitization to stimulants is shown in other
studies. For instance, Fraioli er al. (1999) found that sensitization to AMP is

environment sensitive: rats that were transported to a novel environment showed



sensitization to AMP but those that received the drug in their home cage did not. In
comparison to the present thesis, differences were found in wheel running behaviour of
rats that were administered APO in the colony room and those that were transported to a
testing room. This interaction between environment and APO-induced wheel running
should be studied in future research.

The effects of repeated APO and AMP administration on wheel running investigated
in this thesis provides evidence that the dose of the drug, type of drug, and the
circumstances surrounding drug administration are critical to rats' wheel running
behaviour. The importance of research involving wheel running is two-fold; first, it is
distinguishably different from other forms of locomotor behaviour (Sherwin, 1998) and
second, wheel running involves properties that are also reported to be important in drug
addiction (Werme, Thoren, Olson, & Brene, 1999). Research involving the effects of
drugs on locomotor behaviour has utilized many different types of apparati to measure
locomotion but few have utilized the running wheel. Previous research involving the
effects of stimulants on wheel running, and the present thesis studying the effects of
AMP and APO on wheel running have found inconsistent results. Depending on the drug
dose, wheel experience of the animals, and type of testing environment, stimulants can
produce varied results on wheel running behaviour. With other forms of locomotor
behaviour, stimulants (at doses that act on the post-synaptic DA receptor) have
consistently produced an elevatior; in activity in a dose-dependent manner. The low
correlation between the wheel and other apparati used to measure locomotion are not
trivial. Not only has running in a wheel been found to be much greater than running on a
flat treadmill (Collier & Hirsch, 1971) and faster than on a planar runway (Hadded et al.,
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1994), research has also shown that wheel running is reinforcing and appetitive (Belke &
Heyman, 1994; Iverson, 1993; Sherwin, 1998)—properties which are also important in
drug addiction. Recently, Werme et al. (1999) reported a genetic link between drug-
taking behaviour and wheel running. Current research looking at limited and unlimited
access to a running wheel found striking parallels to that of drug self-administration
(Lattanzio, 2000). The motivational properties of drug taking may be similar to that of
wheel running, therefore, future research should recognize the potential of wheels in the

study of drug addiction.
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Figure 1.
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Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure Captions
One hour mean (+ SEM) number of wheel turns of rats injected with VEH,
3.0 mg/kg AMP, or 5.0 mg/kg APO over four acquisition trials.
One hour mean (+ SEM) number of wheel turns of rats tested with VEH,
1.5 mg/kg AMP and 2.5 mg/kg APO.
Forty-five minute mean (+ SEM) number of wheel turns of rats injected
with VEH, 0.1, 0.3, and 1.0 mg/kg APO over five acquisition trials.
Forty-five minute mean (+ SEM) number of wheel turns of rats tested with
VEH, 1.0, and 2.5 mg/kg APO (bars are in ascending acquisition APO dose
order).
Forty-five minute mean (+ SEM) number of wheel turns of rats injected
with VEH, 0.03, 0.10, 1.00, and 3.00 mg/kg APO over five acquisition
trials.
Forty-five minute mean (+ SEM) number of wheel turns of rats tested with
VEH, 1.0 and 2.5 mg/kg APO (bars are in ascending acquisition APO dose
order).
Forty-five minute mean (+ SEM) number of wheel turns of rats injected
with VEH and 1.0 mg/kg APO either in their colony room (RVEH and
RAPO) or in the testing room (SVEH and SAPO).
Forty-five minute mean (+ SEM) number of wheel turns of rats tested with
VEH, 1.0, and 2.5 mg/kg APO either in their colony room (RVEH and

RAPO), or in the testing room (SVEH and SAPO).
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Figure 9. Forty-five minute mean (+ SEM) number of wheel turns of rats injected
with 1.0 mg/kg APO in the testing room with the radio on (NOISY), or off
(QUIET).
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Mean Number Wheel Turns

Figure 1

Experiment 1: Acquisition Trials with VEH, AMP and APO
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Mean Number Wheel Turns

Figure 2

Experiment 1: Testing with VEH, 1.5 mg/ kg AMP and 2.5 mg/kg APO

500 -
400 -

300 1

200 | |
TVEH

100 -

L] GVEH
GAMP

R GAPO

TAMP
Test

54

TAPO




Mean Number Wheel Turns

Experiment 2: Acquisition Trials with Low Doses APO

Figure 3
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Mean Number Wheel Turns

Figure 4

Experiment 2: Testing with VEH, 1.0 and 2.5 mg/kg APO

500
400 -
300 -
200 -
100 -
0 ) __fl-.l _ fm |
TVEH T1.0 T25
Test
] GVEH
GO0.1
N GOo.3
G1.0

56



Mean Number Wheel Turns

Experiment 3: Acquisition Trials with Larger Range of APO Dose:
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Mean Number Wheel Turns

Figure 6

Experiment 3: Testing with VEH, 1.0 and 2.5 mg/kg APO
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Mean Number Wheel Turns

Experiment 4: Acquisition Trials with 1.0 mg/kg APO

Figure 7
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Mean Number Wheel Turns

Figure 8

Experiment 4: Testing with VEH, 1.0 and 2.5 mg/kg APO
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Mean Number Wheel Turns

Experiment 5: Acquisition Trials with 1.0 mg/kg APO
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