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FENTON, H. M. AND J. M. LIEBMAN. Self-stimulation response decrement patterns differentiate clonidine, baclofen
and dopamine antagonists from drugs causing performance deficit. PHARMAC. BIOCHEM. BEHAYV. 17(6) 1207-1212,
1982.—Fouriezos and co-workers have reported that rats treated with the neuroleptics, pimozide or d-butaclamol, bar-
press at baseline rates at the start of an intracranial self-stimulation (ICSS) session, but cease responding within a few
minutes. They suggested that this response decrement pattern (RDP) resembles natural extinction, indicating attenuation of
reward by neuroleptic treatment. In the present experiments, the RDPs produced by several different drug classes were
systematically compared. Two dopamine receptor antagonists, haloperidol and metoclopramide, produced an extinction-
like RDP. In contrast, the alpha-1 adrenoceptor blocker, prazosin, and the muscle relaxant, methocarbamol, caused
uniformly low response rates that did not decrease further as the session progressed. Clonidine, an alpha-2 adrenoceptor
agonist, and baclofen, a novel GABAj receptor agonist, were associated with RDPs that resembled those of the dopamine
antagonists tested. Analysis of drug-induced RDPs is characterized as a valuable tool for exploring the nature of drug

effects on ICSS responding.
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CONTROVERSY surrounds the interpretation of drug-
induced decrements in intracranial self-stimulation (ICSS)
responding. It is especially difficult to exclude a drug-
induced gross performance deficit as an alternative to
hypothetical attenuation of brain stimulation reward (8, 24,
26]. Recently, Fouriezos and co-workers [9,10] suggested
that attenuation of reward may be distinguished from per-
formance deficit by analyzing within-session response de-
crement patterns (RDPs). They noted that when an appeti-
tive reinforcer is withdrawn, animals engaged in operant
tasks continue to respond for a few minutes afterwards, but
then cease to perform (i.e., undergo extinction of the operant
response). In an analogous fashion they proposed that drugs
which attenuate reward may cause responding to decline
markedly only after the first few minutes of the test session
have elapsed. Contrariwise, a simple performance deficit
was hypothesized to cause a uniformly low level of respond-
ing during the entire test session.

In support, Fouriezos et al. showed that the neuroleptics,
pimozide and butaclamol, produced a characteristic early-
to-late differential in responding within test sessions [9,10].
At the beginning of the session, responding occurred at
appreciable rates but a precipitious decline in responding
began to develop a few minutes after the session started.
They noted this phenomenon in a runway as well as a bar-

pressing test of ICSS. An alpha-adrenoceptor antagonist,
phenoxybenzamine, presumed to cause sedation, reduced
responding uniformly throughout the session without any
evidence of an early-to-late differential. These findings were
construed as support for the position that neuroleptics at-
tenuate brain stimulation reward [27].

It remains to be determined whether these results can be
generalized to other drug classes [9]. This question is of par-
ticular interest because certain drugs, such as clonidine and
baclofen, have been reported to attenuate brain stimulation
reward in other ICSS paradigms purporting to discriminate
reward from performance variables {6, 11, 17, 22, 25]. We
have, therefore, compared the RDPs induced by these drugs
with those following administration of the selective dopa-
mine receptor antagonists, haloperidol and metoclopramide
[21], as well as those of the selective alpha-1 antagonist,
prazosin [5] and the muscle relaxant, methocarbamol [3].
The results support the value of RDP analysis in drug studies
of ICSS.

METHOD
Animals

Male Fisher (F-344, Charles River) rats weighing 250 to
300 g at the time of electrode implantation were used.
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Apparatus

A modified operant conditioning chamber (BRS/LVE,
Beltsville, MD), 20.5 x 25 X 27 cm high was used. A stand-
ard aluminum bar located 4 cm above the grid floor
protruded 2 cm from the wall and was 3 ¢cm wide. Rein-
forcements were controlled by an Inter-Act® computer sys-
tem (BRS/LVE) such that each bar press activated a physi-
ological stimulator (Haer, Pulsar 4 bp model) which deliv-
ered a single train of biphasic rectangular pulses (train dura-
tion 100 msec, pulse duration 1 msec, 285 pps).

Procedure

Under ketamine hydrochloride anesthesia (approximately
200 mg/kg IM, supplemented by 1.5 mg/kg IM of acepro-
mazine to induce muscle relaxation), rats were stereotaxi-
cally implanted with stainless steel bipolar electrodes pre-
attached to plastic connectors (Plastic Products, Roanoke,
VA). A single electrode was aimed at the lateral hypothala-
mus of each rat (coordinates: A: +4.8,L: 1.4t0 1.5, D: —3.5
from stereotaxic zero according to the Konig and Klippel
stereotaxic atlas [16]). Acrylic cement was used to attach the
implanted electrode-plug assembly to stainless steel screws
threaded into the skull.

One week atter surgery, rats were trained to bar-press for
rewarding brain stimulation. Rats that emitted more than
1000 bar-presses per 15 min session were used in subsequent
experiments. Current intensity was then reduced to the
minimum necessary to yield approximately 750 to 1750 bar-
presses per 15 min session. Current intensities employed in
drug studies ranged from 30 to 170 uA (mean = 70 uA).
Three days of stable baseline responding at the selected cur-
rent intensity were required prior to drug testing. Drug
treatments were administered intraperitoneally 30 min prior
to the test session. At least 5 days elapsed between succes-
sive drug treatments, during which baseline responding was
again monitored for recovery from drug effects. The total
number of responses during each 15 min session was auto-
matically recorded. During drug sessions and selected
baseline sessions, responses during successive one-min
intervals were also recorded.

Prior to all drug sessions and baseline control sessions,
animals were allowed 30 sec to initiate responding spontane-
ously, and most did so. If, after 30 sec, responding had not
begun, the experimenter delivered up to 20 brain stimulation
trains within the next 30 sec. Regardless of the animal’s re-
sponding by the end of this interval, no further priming was
conducted.

Drugs

Drugs and sources were: baclofen (CIBA-GEIGY,
Summit, NIJ), clonidine hydrochloride (Boehringer-
Ingelheim, Ridgefield, CT), haloperidol (McNeil, Fort Wash-
ington, PA), methocarbamol and metoclopramide (A. H.
Robins, Richmond, VA) and prazosin (synthesized by
CIBA-GEIGY chemists). Doses of clonidine were expressed
as the salt form. Metoclopramide was dissolved in normal
saline solution; all other drugs were prepared in a 3% colloi-
dal cornstarch suspension containing 5% PEG-400 and 0.34%
Tween 80. The volume of injection was 1 ml/kg body weight,
except that methocarbamol was administered in 2 ml/kg to
avoid excessive viscosity. Drug doses were selected on the
basis of pilot studies and threefold incremental doses were
used, with logarithmic dose interpolation as required.
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TABLE 1

DRUG EFFECTS ON TOTAL RESPONSES DURING THE

TEST SESSION

Dose
mg/kg % Change
Drug jig From Baseline
Haloperidol 0.1 -50t
(n=15) 0.17 —81%
0.3 -79t
Metoclopramide 1 -9
(n=12) 3 —87*
10 —90*
Prazosin 1 -567
(n=12) 3 — 86+
5.4 — 94+
Methocarbamol 125 - 54%*
(n=10) 200 —86*
Clonidine 0.03 —47t
(n=12) 0.1 ~75%
0.3 -70%
Baclofen 3 -18
(n=12) 5.4 -76t
10 -96+

*p<0.01 for significance of difference from baseline by trend test
[1].
tp<0.001.

Experimental Design and Analysis

The design required that each rat receive all doses of a
given drug in counterbalanced order. Several rats failed to
complete this protocol due to premature plug dislodgement
or unstable baseline responding, and the incomplete drug
data from these animals were not used for analysis. Some
animals were tested on more than one drug. Inspection of the
data indicated that prior experience with a given drug did not
alter subsequent effects of other drugs.

For purposes of statistical analysis, each drug was con-
sidered as a separate experiment, and its effects on total
responses during the test session were subjected to regres-
sion analysis to detect the presence of a dose-related effect.
Trend tests [1] were then performed to identify the drug
doses, if any, that reduced ICSS responding significantly
over the entire session.

Analyses of within-session response decrement patterns
(RDPs) were then performed in cases where the drug re-
duced responding without abolishing it. Specifically, if an
individual animal failed to reduce overall responding by at
least 10% from pre-drug baseline following a given drug
treatment, the decrement in responding was considered neg-
ligible and no RDP analysis was performed on that observa-
tion. Conversely, a greater than 99.5% reduction in overall
responding from baseline suggested virtually zero respond-
ing, and RDP analyses were also not performed on such
observations. Thus, RDP analyses were performed on a
selected subset of the original experimental observations.

Within this subset, minute-by-minute response rates
were calculated and subjected to two-way analysis of vari-
ance (time by dose) separately for each drug. If a significant
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TABLE 2

COMPARISON OF DRUG EFFECTS ON RESPONDING DURING THE FIRST AND
LAST 4 MINUTES OF THE TEST SESSION

Responses
Dose No. of Rats % Change
mg/kg Meeting First Last From First
Drug 1P Criterion* 4min 4 min 4 min
Haloperidol 0.1 14 223 112 —50%
0.17 13 152 14 -91%
0.3 12 126 20 —84%
Metoclopramide 1 4 226 245 + 8
3 11 153 6 —96%
10 7 15 0 —99%
Prazosin 1 10 140 123 -12
3 10 81 65 -20
5.4 9 46 54 +17
Methocarbamol 125 8 147 108 -27
200 6 62 77 +24
Clonidine 0.03 9 177 114 —36%
0.1 10 121 41 —66%
0.3 10 145 69 —52%
Baclofen 3 4 200 174 -13
5.4 9 120 42 —65%
10 4 79 25 —68t

*Criterion: Reduction in total responding of 10% to 99.5% from pre-drug

baseline.

1p<0.05 for comparison of first 4 min with last 4 min.

1p<0.001.

effect of time (analyzed as 15 1-min blocks) was detected,
then a further comparison was performed in order to obtain
an index of the magnitude of the within-session decrement.
Responding during the initial 4-min segment was directly
compared with that during the final 4-min segment, using the
t-test with variance pooled over drug doses.

Histology

At the completion of testing, representative animals were
sacrificed by overdose of anesthetic and perfused transcar-
dially with formalin or Mirsky’s fixative (National Diagnos-
tics, Somerville, NJ). The brain was removed and allowed to
remain for at least 24 hr in the perfusion fixative. Frozen
sections were then cut, stained with cresyl violet or neutral
red, and mounted for histological examination.

RESULTS

Each of the drugs tested attenuated ICSS responding in a
dose-related fashion (Table 1). The higher dose of methocar-
bamol and the two higher doses of the other drugs tested
each reduced total bar-presses by 70% to 96% from the pre-
drug baseline values. Within the subset of observations that
met selection criteria for RDP analysis (see METHOD), the
dose factor in the analysis of variance was highly significant
for all drugs (p <0.0001), confirming that dose-related effects
on responding persisted within this subset. Table 2 indicates
the ‘‘n”’ values for this subset and compares responding dur-

ing the first four minutes with that during the last four min-
utes.

Haloperidol and metoclopramide each yielded a distinc-
tive RDP (Fig. 1, Table 2). By analysis of variance, the time
factor was highly significant for haloperidol, F(14,510)=11.8,
p<0.0001, and metoclopramide, F(14,377)=11.0, p<0.001,
indicating a sharp early-to-late responding differential. The
time-by-dose interaction reached significance for metoclo-
pramide, F(28,377)=5.24, p <0.0001, but not for haloperidol.
This effect largely reflected the lack of an early-to-late dif-
ferential at the lowest dose of metoclopramide (1 mg/kg).
The early-to-late differential was also weaker at the lowest
dose of haloperidol (0.1 mg/kg), paralleling previous obser-
vations with other neuroleptics [9]. At the two higher doses
of haloperidol and metoclopramide, the magnitude of this
differential was much larger, such that responding during the
last four minute period was less than 20% of that during the
first four minutes (Table 2).

Prazosin and methocarbamol produced RDPs that were
similar to each other and strikingly different from those
produced by haloperidol and metoclopramide (Fig. 1). Re-
sponse rates were low at the outset and remained virtually
constant as the test session progressed (Table 2). By analysis
of variance, the time factor failed to reach significance at the
0.05 level for either prazosin or methocarbamol, and no in-
teraction was detected between the dose and time factor.

Clonidine caused a greater decrement of responding after
the first few minutes of the experimental session (Fig. 1).
This effect was reflected in a significant time factor,
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FIG. 1. Effects of haloperidol, metoclopramide, methocarbamol, prazosin, clonidine, baclofen and natural extinction on
bar-pressing ICSS at successive one-minute intervals. Drug doses are indicated in mg/kg.

F(14,380)=35.5, p<0.0001 (Table 2). A similar pattern was
evident at all doses tested and the time by dose interaction
fell short of significance. However, the magnitude of the
early-to-late differential produced by clonidine was less than
that produced by the dopamine receptor antagonists. For
example, in rats treated with 0.1 mg/kg clonidine, the re-
sponse rate during the last four minutes was 34% of that
during the first four minutes (Table 2). The effects of 0.3
mg/kg clonidine appeared slightly less pronounced than
those of 0.1 mg/kg (Fig. 1). This observation was considered

spurious, reflecting atypically weak responses to 0.3 mg/kg
clonidine in three treated rats.

Baclofen’s effects resembled those of clonidine (Fig. 1,
Table 2). Again, the time factor was highly significant,
F(14,201)=3.05, p<0.001, indicating that responding de-
clined significantly after the first four minutes. The mag-
nitude of the early-to-late responding differential was less
than that produced by the dopamine receptor antagonists.

For comparison, another group of animals (n=12) was
subjected to natural extinction (i.e., no current) in lieu of
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drug treatment. Responding was very low during the first
three minutes, and was virtually nonexistent thereafter. In
the same animals, examination of baseline data prior to the
no-current session indicated that during baseline sessions,
response rates did not change appreciably over time.

Electrode placements were verified histologically in 26 of
the 36 animals employed in this study. All of the electrode
placements sampled were within the lateral hypothalamus,
usually in the dorsal or medial sector of the medial forebrain
bundle. Placements ranged from the +3180 to the +4230
frontal plane of Konig and Klippel [16].

DISCUSSION

The present results confirm that dopamine receptor an-
tagonism is associated with a characteristic RDP. In com-
mon with d-butaclamol and pimozide [9], the
butyrophenone, haloperidol, and the substituted benzamide,
metoclopramide, produced a within-session decrement in re-
sponding that occurred largely during the first five minutes.
Such an RDP was not produced by doses of prazosin that
caused an equivalent reduction in total responding over the
entire session. Instead, bar-pressing rates were low at the
outset and remained constant throughout the session, as
previously reported for phenoxybenzamine [9]. Blockade of
alpha-1 adrenoceptors is believed to be associated with se-
dation in humans [20,23]. Additionally, the present experi-
ments show that methocarbamol, a skeletal muscle relaxant
[3], also fails to produce an early-to-late differential in the
within-session RDP.

The differential RDPs that were noted cannot be attribu-
ted to differences in onset of drug action. The cessation of
responding in haloperidol- and metoclopramide-treated rats
took place abruptly at approximately 4 to 5 min after the start
of the session (i.e., 34-35 min after drug injection). Such a
precisely timed event cannot be mediated by simple drug
pharmacokinetics. Similar arguments have been made by
Fouriezos and Wise [10].

Clonidine differed from prazosin or methocarbamol in
that it produced a modest early-to-late differential in the
RDP. This behavioral dissociation may seem surprising be-
cause both clonidine and prazosin are clinically effective
antihypertensive agents with sedation frequently reported as
a side effect [4]. However, another behavioral dissociation
has recently been reported in that animals trained to dis-
criminate clonidine from saline also discriminate between
prazosin and clonidine [2]. Therefore, the behavioral conse-
quences of alpha-2 agonism apparently differ from those of
alpha-1 antagonism despite the common disruption of norad-
renergic neurotransmission.

Baclofen, a GABAg receptor agonist [13], also produced a
moderate early-to-late differential and resembled clonidine
in this respect. Thus, baclofen differed from methocarbamol
despite the clinical use of both substances as muscle relax-
ants [3]. It will be of interest to determine whether other
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GABA agonists share this action of baclofen. Other inves-
tigators have attempted to relate GABA to ICSS, although
the results to date have not been consistent [18,28].

These results bear directly on the interpretation of drug-
induced RDPs. They support the contention of Fouriezos et
al. [9] that the absence of an early-to-late differential corre-
lates with drug-induced gross motor deficits. A potentially
more contentious issue is whether the presence of an
early-to-late within-session gradient suffices to demonstrate
drug-induced attenuation of reward. The present experi-
ments support an affirmative position. Other experiments
utilizing different ICSS paradigms have suggested that
clonidine does alter the reward value of stimulation. For
example, clonidine elevated ‘‘thresholds’’ for ICSS respond-
ing [25], elevated the ‘‘locus-of-rise’’ in a runway test of
ICSS without producing a performance deficit [11] and al-
tered ICSS preferentially from certain brain regions [6,22].
Although baclofen’s effects on ICSS have not been as ex-
tensively investigated, a previous report also suggested that
baclofen attenuates brain stimulation reward [17]. In con-
trast, methocarbamol caused apparent performance deficit in
the ‘‘locus-of-rise”” test [7] and in a comparison of ICSS
operants [12].

It is important to note, however, the theoretical com-
plexities that continues to surround the interpretation of
neuroleptic effects on ICSS, and particularly the ‘‘extinc-
tion”’ analogy [19,27]. For example, Katz [14,15] has found
differences in the effects of neuroleptics from those of nat-
ural extinction when response patterns are analyzed over a
relatively long period of time and response pauses and bursts
are quantified carefully. Response initiation is attenuated by
neuroleptic treatment whereas burst duration is more selec-
tively shortened by natural ‘‘extinction.”’ In the present ex-
periments and those of Fouriezos et al. [9], the effects of
natural extinction were more profound than those of drug
treatments. The present results, moreover, indicate that cer-
tain non-neuroleptic drugs may resemble neuroleptics in this
paradigm. We suggest that evaluation of additional non-
neuroleptic drugs in the procedure of Katz [14,15] and in the
present RDP procedure may provide helpful perspective
upon these theoretical complexities.

Regardless of these theoretical issues, RDP analysis has a
number of advantages for drug evaluation. Test sessions
need not be longer than 15 minutes to demonstrate RDPs and
the required response (bar-pressing) is readily quantified
without complex programming. In light of these consid-
erations and the evident drug dissociations that have
emerged we conclude that analysis of drug-induced RDPs is
a valuable tool for exploring drug effects on ICSS.
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