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GEYER, M A , P V RUSSO, D S SEGAL AND R KUCZENSKI Effe~t~ ofapomorphme and amphetamine on 
patterns of loc omotor and mvesttgatory behavtor tn rats PHARMACOL BIOCHEM BEHAV 28(3) 393-399, 1987 --Rats 
were tested m a Behaworal Pattern Momtor after various doses of e~ther amphetamine or apomorphme in order to 
characterize their behaworal profiles, ~ncludmg patterns and sequences of holepokes, reanngs and locomotor movements 
To enable direct comparisons between the behavioral effects of the two stimulants, doses and times for each drug were 
selected w~th which locomotor hyperact~wty was the predominant behavioral response, Although both drugs increased the 
total amount of locomotor activity, amphetamine induced a relatively vaned behavioral profile while apomorphme ~nduced 
repetitive behavior w~th a resmcted range of responses These contrasting effects of the stimulants were ~nterpreted as 
reflective of their d~ffenng modes of action with regard to central dopam~nerglc systems It is suggested that, m the dose 
range used, the release of dopamlne by amphetamine ts coupled to neuronal finng and therefore this release increases 
behavioral activity without altenng the normal response repertoire of the ammal Conversely, the &rect agonist action of 
apomorphlne results in a restlacted and perseverat~ve behavioral pattern because its activation of forebraln dopamme 
receptors ~s independent of the normal physiological pattern of dopam~nerg~c neuronal finng 

Rats Locomotor actlvtty Locomotor patterns Investigatory behavior Perseverat~on Holeboard 
Amphetamine Apomorphlne 

C O N S I D E R A B L E  evidence indicates that the dopammergic 
~nnervat~on of  the strlatum ~s critically involved in the fo- 
cused stereotypIes induced by relattvely high doses of 
stimulants such as amphetamine and apomorphlne [3,10]. 
We and others have observed [12, 15, 16] that the charac- 
teristic feature of  stereotypy, the repetition of  certain behav- 
ioral elements to the exclusion of  others, ~s also evident with 
moderate doses of  amphetamine, especially in the form of 
perseverat~ve spatial patterns of locomotion We have 
suggested [16] that, as with the more focused stereotypies, 
the strlatal dopamlne system may also play an important role 
in the perseverat~ve quality of stimulant-induced patterns of  
locomotion. More specifically, we have speculated that the 
perseverat~ve nature of  the behavioral response to these 
agents reflects the dissociation of  dopamine receptor activa- 
tion from tmpulse-medlated dopamine release [11] 

At relatively low doses of  dopamine-releasing drugs such 
as amphetamine, ~mpulse flow in mesostriatal dopam~ne 
neurons remains relatively unaltered I1,20] and 
amphetamine-induced dopamine release is coupled to im- 
pulse flow [19]. Under these conditions, therefore, the pat- 
ternmg of the dopamlnergic ~nputs to the strlatum, particu- 
larly those modulated by cortical mechanisms, may be 

preserved, though at an enhanced level Thus, behavioral 
output, while activated, retains a varied, environmentally 
lnteracttve pattern At moderate to high doses of am- 
phetamine, however,  there is a dissociation of dopamine re- 
ceptor activation from impulse-dependent dopamlne release. 
That is, impulse flow Ill mesostrlatal dopamine neurons is 
inhibited [1,20], amphetamine-induced dopamine release is 
independent of  impulse flow, and activation of strlatal 
dopamlne receptors is thus nonspeclfiC and independent of 
information transfer via dopamlne neurons. Simdady, with 
all doses of  direct-acting dopamine agonists like apomor- 
phlne, the activation of dopamine receptors within the 
stnatum is not coupled to mesostrlatal dopamlne impulse 
flow 

To test the hypothesis that the degree of  perseveration 
and restrictiveness in the behavioral response profiles asso- 
ciated with direct and indirect dopamine agonists is related 
to the dissociation of  receptor activation from dopamme im- 
pulse flow, we compared the effects of relatively low doses 
of  amphetamine and apomorphine. Following the adminis- 
tration of saline or one of  several doses of  apomorphine or 
amphetamine, rats were tested In a behavioral pattern 
monitor (BPM). At doses and t~me intervals selected to 

1Requests for replants should be addressed to Mark A Geyer, Ph D,  Department of Psychiatry, T-004, Umverslty of Cahfornm, San D~ego, 
La Jolla, CA 92093 

393 



394 GEYER, RUSSO, SEGAL AND KUCZENSKI  

-- I~- 

J 
0 o i 

o I 

a PHOTOBEAMS b SECTORS c REGIONS 

FIG 1 Diagrammatic representation of the Behavioral Pattern 
Momtor chamber The positions of the seven wall and three floor 
holes are shown m each of the three diagrams (a) Photobeams 
Infrared photobeams are arranged in a cartesian coordinate system 
on 7 6 cm centers and are sampled ten times per second (b) Sectors 
Sectors are 15 2 cm squares Crossovers are defined as movements 
between any of these Sectors (c) Regions Regions are unequal m 
size and are used primarily to define entries into the corners and the 
center 

ensure that increased locomotion was the predominant re- 
sponse, behavior was assessed with respect to the sequenc- 
ing and spatial patterning of the animals' locomotor move- 
ments, holepokes, and reanngs. 

METHOD 

Antmals 

Male Sprague-Dawley rats weighing 275-300 g (S~monsen 
Laboratories, Gilroy, CA) were used. All animals were ~n- 
dividually housed on a 12/12 hour light/dark cycle Each 
group was allowed a seven day period for acchmation to the 
animal room before behavioral testing. 

Behawor Pattern Momtor  Chambers 

A more detailed description of the apparatus is avadable 
elsewhere [8]. Briefly, each of the e~ght BPM chambers con- 
slsts of a 30.5×71 cm black Plexiglas holeboard w~th three 
floor holes and seven wall holes, as shown ~n Fig 1. Wlthtn 
the holeboard ~s a 4×8 X-Y array of infrared photobeams 
placed 2 cm above the metal floor. When sampled by the 
computer, these beams are used to define the X-Y position of 
the animal with 4 cm resolution. Each 2 5 cm hole is 
equipped with an infrared photobeam for detection of 
holepokes Rearing against the wails of the holeboard is de- 
tected by a touch-plate 15 cm above the floor. Every 100 
msec, the computer samples the status of all the beams (and 
circmts) in each chamber If any change has occurred from 
the prewous stored reading for the chamber, the current 
status of all beams ~s stored together with the number of 100 
msec intervals since the previous reading. All the data are 
stored permanently 

Procedures 

For an experimental session, animals were brought to the 
laboratory one hour prior to testing Each animal was gently 
placed into an experimental chamber and the computer was 
signaled by a button push to start collecting data from that 

box The chambers were thoroughly cleaned between 
animals Test sessions were conducted dunng the dark phase 
of the animals' hght/dark cycle and lasted 60 m~n. Sub- 
cutaneous injections of sahne or one of several doses of the 
test drug were given 10 rain prior to the introduction of the 
animal to the chamber The apomorphine study involved 60 
rats in five groups given saline or the following doses of 
apomorphine HC1 (in mg/kg salt). 0 1, 0 5, 1.0, 2 0 The am- 
phetamine study ~nvolved 37 rats ~n four groups g~ven saline 
or the following doses of amphetamine sulfate (m mg/kg 
free base). 0.25, 0.5, 1 0 

Vlsual Observattons 

Additional animals were used for visual observations. 
The above procedure was followed with the exception that a 
15 watt red light ~lluminated the BPM. Animals were rated by 
trained observers unaware of treatment conditions through 
fish-eye viewing lenses mounted ~n the lid of the enclosure 
Behaworal ratings were recorded for a 1 rain period every 4 
mln 

Data Reduction 

Data reduction took place in two stages, one in which 
responses were counted per unit time and the other in which 
the sequential patterns of movements were assessed 
throughout the test sessions. For the first analysis, the raw 
data were translated into frequency and durations of events 
cumulated over 5-rain epochs During this pass, X-Y position 
was calculated and used to define an animal's position ~n one 
of eight equally sized sectors (Fig. lb) and one of nine un- 
equally s~zed regions (Fig. lc) Crossovers required whole 
body translocatIons for sconng, being defined as the number 
of transitions between any of the 15 cm square sectors (Fig 
lb). Center duration was def'med as the accumulated time 
spent in the center region (Fig. lc) 

The measure of corrected holepokes was calculated by 
dividing the total number of holepokes by crossovers in 
order to adjust holepokes for the amount of locomotor activ- 
ity Repeated holepokes were defined as the number of con- 
secutlve holepokes into the same hole which were not sepa- 
rated by an intervening crossover, reanng, or a holepoke 
into a dtfferent hole, all other holepokes were defined as 
varied holepokes. The ratio of repeated to vaned holepokes 
was also calculated, a measure which is effectively self- 
correcting for the level of activity. Corrected rearings were 
defined as for holepokes. 

X- Y Plotting 

For the second form of analysis, the raw data were trans- 
lated into a sequence of X-Y positions, together with a time 
code and a response code, which were stored in a diskfile for 
each animal. The operator could then request a moving video 
display of the animal 's X-Y position changes, reanngs and 
holepokes at any rate from 20 to I times the real-time speed. 
Thus, an hour session could be condensed mto as few as 3 
rain. The display could be stopped, resumed, or restarted at 
any time Typically, a stnng of the ten most recent responses 
was d~splayed This form of information greatly facilitated 
the human recognition of sequential patterns Reconstruc- 
tions of the X-Y movements on paper were accomphshed 
with a Zeta Plotter using a Fortran program which excluded 
rearlngs and holepokes and randomly introduced _+40% 
"noise"  in the X and Y values to minimize exact retracings 
of the same hne. 
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FIG 2 Time course of the effects of (a) apomorphlne and (b) amphetamine on Crossovers The effects of the selected doses 
of the two stimulant drugs on crossovers per 10 rain are shown as group (n=9-12) means at the indicated doses Inset group 
means_+SEMs, for apomorphme at l l -40  mm, and for amphetamine at 11-60 mln S~gmficance *p<0 05, **p<0 01, 
***p<0 001 
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FIG 4 Effect of (a) apomorph~ne and (b) amphetamine on center 
duration per 10 mm Conventions are as for F~g 2 ~nset Values are 
presented m tenths of sec 

FIG 3 Spatml patterns of locomotzon exhzbited by stzmulant- 
treated ammals Shown here are the computer-reconstructed 
movement patterns exlub~ted by representative animals given sahne 
(upper panel), amphetamzne (middle panel), or apomorphlne (lower 
panel) Each plot represents the actw~ty from minutes 11 to 40 after 
the an|mal was placed ~n the chamber 

Data Analysts  

After reduction, selected variables were transmitted to 
the Umvers~ty's VAX computer for statistical analyses, 
using the B~omedlcal Computer Programs (BMDP) [4] 
Repeated-measures and mixed-destgn analyses of variance 
were performed for selected variables using BMDP2V. The 
criterion for sigmficance was p <0 05. 

RESULTS 

Locomot ion 

Figure 2 dlustrates the time course of the effects of 
apomorphlne (a) or amphetamine (b) on crossovers resolved 
~nto 10 m~n blocks. Both drugs s~gnificantly altered cross- 
overs .across the 60 m~n test period" for apomorphme, 
F(20,245)=5 25, p<0.0001, for amphetamine, F(15,160) 
=9 65, p<0.0001 In order to compare the effects of  apo- 
morphine versus amphetamine on ~nvest~gatory behawor 
and patterns of  locomotion, dose and t~me ranges were 
selected from F~g 2 In which ~ncreased locomotion was the 
predormnant response. Therefore, the data have been con- 
densed ~nto those t~me blocks reflecting the hyperactive 
phase of each drug effect. 11-40 m~n for apomorphme, 11-60 
m~n for amphetamine. Also, the 0 1 mg/kg dose of apomor- 
phzne was excluded since ~t consistently decreased locomo- 
tion. 

Apomorphine (Fig. 2a ~nset) s~gmficantly increased mean 
crossovers above control up to about 125% ~n the time range 
11-40 m~n, F(3,40)=1048, p<0.0001, though not dose- 
dependently. Conversely, apomorph~ne produced a s~gnifi- 
cant decrease in locomotion in the first 10 mln, 
F(3,40)=9.89, p < 0  0001. Amphetamine (Fig. 2b inset) 
produced a significant, F(3,33)=25.26, p<0.0001, dose- 
dependent increase m locomotion m the t~me range 11-60 
m~n, reaching a two-fold increase over  control at the 1.0 
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tions are as for F=g 2 reset 
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dw~ded by crossovers (corrected reanngs) Conventions are as for 
F~g 2 reset 

mg/kg dose. Depending on dose, crossovers ~n the first 10 
rain e~ther increased or decreased. 

Locomotor Pattern 

Apomorphine induced perseverat~ve or repeated spatial 
patterns of  locomotzon in most ammals By visual observa- 
tions of  selected animals and of  computer  reconstructions of 
the animals '  movements on a video terminal, the key feature 
of  this pattern was noted to be c~rchng xn one direction 
around the perimeter  of  the chamber in a head-down, snout- 
contact posmon [2,5], w~th a concomztant exclusion of  the 
center region (Fig 3, bottom panel) from about minute 5 or  
10 to minute 40 of  the sessmn [12]. This exclusion of  the 
center was reflected in a significant, but not dose-related,  
decrease ~n the center duration, F(3,40)=5.67, p<0.005,  
(Fig. 4a). While exhibiting this pattern of  behavior,  the 
animals rarely reared or ~nvestigated the holes. While this 
pattern was seen wzth most apomorphine-treated rats, some 
animals, especially w~th the higher doses,  exhzb~ted rela- 
tively localized movements m one part of  the chamber,  typi- 
cally dominated by frequent and stereotyped reanng re- 
sponses. On the other hand, amphetamine (Fig. 3, m~ddle 
panel) m the selected dose range produced h~ghly varied pat- 
terns of d~rect~onal changes In contrast  to the th~gmotax~s 
exhzbited to some extent by controls and to a greater extent  
by apomorph~ne ammals (Fig. 4a), amphetanune-treated rats 

exhzb~ted a more dxstnbuted occupancy of the chamber 
which s~gmficantly increased center duration (Rg. 4b), 
F(3,33)=3 66, p<0 .02  

Holepokes 

As previously reported [6,9], apomorphme s~gnLficantly 
decreased the number of holepokes corrected for level of 
actzvity (F~g. 5a), F(3,40)=12.09, p<0.0001, an effect that 
was ~ndependent of dose. Amphetamine also decreased the 
corrected holepokes (Fig. 5b), but in a dose-related manner, 
F(3,33)=6.95, p<0.001.  Holepokes were further separated 
into repeated and varied holepokes. Whereas amphetanune 
s~gnificantly decreased the rat~o of repeated to vaned 
holepokes,  apomorphine had no s~gmflcant effect on th~s 
measure,  amphetamine: F(3,33)=3.70, p<0.05;  apomor- 
phone" F(3,40)=2 21, p>0 .1 ;  data not shown 

Rearings 

Apomorphme produced no sxgntficant change m cor- 
rected reanngs,  F(3,40)=1.15, n.s.,  m part because of  the 
large variance m the effects of  this drug on rearings, whereas 
amphetamine elicited a dose-related decrease,  F(3,33)=3 10, 
p<0.05,  as shown m F~g. 6. It is important to note, however,  
that the apomorphlne-treated animals that made a large 
number of  rearings d~d so ~n a highly perseverat ive fashion 
(data not shown) 
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DISCUSSION 

The effects of low doses of apomorphme and am- 
phetamine were compared on patterns of locomotton and 
mvestrgation m order to evaluate the possible role of the 
mesostrtatal DA system m regulating the behavioral vana- 
non. Whtle both sttmulants produced stgmticant Increases in 
the number of crossovers, amphetamme was considerably 
more effective m mcreasmg this measure of the amount of 
behavioral activation In addition, marked dtfferences were 
observed in the spatial patterns of locomotion engendered by 
the two treatments (Fig. 3) With apomorphme, the animals 
exhibited highly repetttive, umdtrecttonal patterns of move- 
ment which were typically restncted to the penphery of the 
chamber. In contrast, amphetamme-treated animals fre- 
quently changed directions, resulting m patterns which were 
non-repetitive and vaned in appearance In addrtton, their 
activity was widely dlstrtbuted throughout the chamber, m- 
cludmg relatively long penods of time spent m the center 
regton (Fig. 4). 

The two drugs also produced differential effects on 
holepokes, a frequently used measure of mvestigatory be- 
havior. Although the ratio of holepokes to crossovers (cor- 
rected holepokes) was stgmficantly decreased by both drugs, 
amphetamine decreased the ratio of repeated to vaned 
holepokes, whereas apomorphme failed to affect this meas- 
ure. Thts effect of low doses of amphetamine 1s consistent 
with other reports [6,9] and contrasts with the effects of 
higher doses of amphetamme [ 141. 

Hence, the multtvanate assessment of behavior provided 
by the BPM system revealed a number of differences m the 
locomotor-exploratory profiles ehctted by the mduectly act- 
ing dopamme agonist amphetamine relative to the direct 
agonist apomorphine. In general, the behavioral profile ex- 
hibited by apomorphme-treated animals was relatively re- 
stncted and perseverattve m nature These ammals rarely 
investigated the holes m the chamber and typtcally limited 
their activity to the penmeter of the chamber, ctrclmg m a 
umduecttonal pattern. By contrast, amphetamine-treated 
animals exhibited behavtors which were more varied both 
with respect to reanngs and to investigating the holes. In 
addttron, they spent more time m the center of the chamber 
and made more dtrectional changes when locomotmg than 
dtd apomorphme-treated animals These results are consis- 
tent with a role for mesostnatal DA systems m the regulatton 
of behavioral variation. Spectfically, the relatively normal 
variation in the behavioral profile of amphetamine-treated 
animals may result because at low doses amphetamine- 
induced release of stnatal doparmne appears to be dependent 
upon neuronal activity [19]. Therefore, the activation of 
forebrain dopammergtc systems 1s related to a normal pat- 
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tern of tmpulse-mediated dopamine release, although at an 
enhanced level As the dose of amphetamine 1s increased 
neuronal activity m mesostriatal dopamme neurons 1s pro- 
gressively and ulttmately completely inhibited [1,20], leading 
to dopamme release uncoupled from tmpulse flow Parallel- 
mg this pattern of altered dopamme release, higher doses of 
amphetamine induce perseverattve spatial patterns of 
locomotion and focused stereotyples 112, 15, 161 Conststent 
with our observations, smce apomorphme exerts a direct 
acttvatton of post-synaptic dopamme receptors, even low 
doses produce a perseverattve and restncted behavtoral 
profile That the actions of apomorphme were post-synaptic 
in the dose range tested 1s consistent wtth our finding that a 
lower dose (0.1 mg/kg) of apomorphme produced oppostte 
effects on locomotor activity, presumably by preferentially 
interacting at the dopamme autoreceptor to mhtbtt the finng 
of dopaminergtc neurons [17]. Stmtlar conclusions were 
reached by Stahle and Ungerstedt [ 181 based on their obser- 
vations of the qualitative dtfferences m the behavtoral effects 
of low versus high doses of apomorphme 

One alternative explanatton for these observed drffer- 
ences between apomorphme and amphetamine denves from 
the fact that only the latter sttmulates the release of norept- 
nephrme as well as dopamme [l I]. While norepmephnne 
release 1s likely to contnbute to the behavioral effects of 
amphetamine, other evidence suggests that tt is not respon- 
sible for the relatively vaned nature of the behavioral acttva- 
tton noted here. Based on the multtvartate measures pro- 
vided by the BPM, we have previously reported that 
neurotoxm-induced deplettons of bram norepmephnne rn- 
L rease rather than decrease the vartabthty of spatial patterns 
of locomotion engendered by amphetamine [7] 

In concluston, our results are conststent with the notion 
that a dtssoctatton between postsynapttc dopamme receptor 
acttvatton and presynapttc dopamme neuronal activity 1s 
tmphcated m the perseverattve quality of the behavioral re- 
sponse to dopamme releasing agents hke amphetamine [ 1 l] 
At low doses of amphetamine, enhanced dopamme output 
occurs in the presence of a relattvely normal pattern of im- 
pulse flow m mesostnatal dopamme neurons. Higher doses 
of amphetamine, by disruptmg this patterned output, 
produce a more restncted and perseverattve behavioral re- 
sponse pattern 
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