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TERMINOLOGY AND ABBREVIATIONS 

Terms are used in the sense explained on the pages indicated: 

drives 
incentive 
instinctive behavior 
motivation 
reinforcer 
reinforcer, additional effects 
stereotyped behavior 

109 
108 
108 
31 and 61 
107 
46, 47 and 114 
17, 27 and 37 

The following abbreviations are used in the text and the figures: 

a 
AVT 
cp 
CA 
CAA 
CC 
CFV 

dr 
FLM 
FMP 
ha 
hi 
hp 
hvm 
ip 
LC 
LL 
LM 
MFB 
6-OH-DA 
pCPA 
SN 
SNR 
TO 
TSTH 

Nucleus accumbens 
Area ventralis tegmenti (Tsai) 
Nucleus caudatus putamen 
Commissura anterior 
Commissura anterior, pars anterior 
Crus cerebri 
Commissura fornicis ventralis (Commissura hippo· 
campi ventralis) 
Nucleus dorsalis raphes 
Fasciculus longitudinalis medialis 
Fasciculus medialis prosencephali (MFB) 
Nucleus anterior (hypothalami) 
Nucleus lateralis (hypothalami) 
Nucleus posterior (hypothalami) 
Nucleus ventromedialis (hypothalami) 
Nucleus interpeduncularis 
Locus coeruleus 
Lemniscus lateralis 
Lemniscus medialis 
Medial forebrain bundle 
6-hydroxy-dopamine 
para-chlorophenylalanine 
Substantia nigra 
Substantia nigra reticulata 
Tractus opticus 
Tractus striohypothalamicus 





CHAPTER 1 GENERAL OUTLINE 

Morphine and amphetamine are among the drugs known to be 
self-administered by individuals to such an extent that it leads 
to a neglect of a number of basic human needs. This behavior 
increases the chance of an untimely death and leads to 
antisocial behavior. The cause of excessive drug taking by an 
individual is a complex interplay of social circumstances, 
individual experiences, the individual constitution and the 
availability of particular preferred drugs (Freedman et al., 1972). 
The determination of the most effective therapy of drug depen
dence will have to be based on a thorough knowledge of the 
dynamics of alle these involved factors. It is therefore of 
importance to look for mechanisms of action of the preferred 
drugs that explain their profound influence on human behavior. 
The experiments described in this thesis are performed with the 
two drugs mentioned before. 

Both amphetamine and morphine are known to induce a 
feeling of well-being described as 'high', a 'kick', a 'flash' or a 
'bang' etc. (Tylden, 1970). It can be hypothesized that these 
drugs produce this feeling by stimulating rewarding systems in 
the brain (Beach, 1957). In the underlying dissertation data are 
presented which support this hypothesis. 

HISTORICAL BACKGROUND 

An experimental approach of the hypothesis of an interaction 
between addicting drugs and rewarding systems in the brain is 
made possible by the discovery of Olds and Milner in 1954 that 
rewarding (or positive reinforcing*) effects could be obtained by 
electrical stimulation of certain brain regions. By that time it 
seemed to be a matter of time to find out which pathway or 
nucleus in the brain is mediating the rewarding effects. How
ever, in a follow-up study it was shown that the area from 
which reinforcing brain stimulation can be obtained was quite 
ψ see chapter 8 for a more specific delineation of this concept. 
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extensive. Positive reinforcing effects were obtained from 
electrodes placed in the ventral tegmentum, the lateral 
hypothalamus, the area preoptica, the septum and the 
amygdala. The effective sites were all found near or within the 
medial forebrain bundle (MFB) or within those areas of the 
brain receiving an important input from the MBF (Old and Olds, 
1963). 

However, it turned out to be extremely difficult to 
demonstrate an indispensable role of the MFB per se since even 
extensive lesions in this bundle do not abolish self-stimulation 
(Valenstein, 1966). The search for the anatomical substrate 
received new impulses from studies of Swedish researchers on 
the course of fibers containing catecholamines as neutrotrans-
mitter (Dahlström and Fuxe, 1964; Ungerstedt, 1971; 
Arbuthnott et al., 1970). It was shown that these catecholamine 
containing fibers are coursing rostrally within or near the medial 
forebrain bundle. These data were of paramount importance 
since Stein and Seifter had suggested in 1961 that noradrenaline 
is the neurotransmitter used by the fibers that support self-
simulation. They based their hypothesis on pharmacological 
data. Amphetamine was shown to be a strong stimulant of self-
stimulation behavior. By that time amphetamine was supposed 
to exert its behavioral effects by a potentiating effect on central 
noradrenergic systems. Moreover, reserpine and tetrabenazine, 
drugs that deplete the nerve terminals from noradrenaline stores, 
are able to suppress self-stimulation behavior (Olds et al., 1956; 
Stein, 1964). In addition it was found that the monoamine-
oxidase-inhibitors, drugs that increase the availability of 
noradrenaline, potentiate the effect of amphetamine (Stein, 
1964). On the basis of the catecholamine hypothesis and the 
mapping studies of Ungerstedt (1971) it became conceivable 
that lesions restricted to the MFB can not abolish self-stimu
lation. The catecholamine fibers indeed course along the MFB 
but a large part of them are definitely located outside the 
restricted area of the MFB. 

Since its original suggestion the noradrenaline hypothesis was 
steadily corroborated. Both pharmacological and anatomical 
data were in agreement (German and Bowden, 1974). For 
example, one important noradrenergic pathway that is projecting 
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rostrally along with the medial forebrain bundle originates from 
the locus coeruleus. It is now demonstrated in several 
laboratories that also from placements near and within the locus 
coeruleus self-stimulation can be obtained (Crow et al., 1972; 
Anlezark et al., 1971; Ritterand Stein, 1973). However, with 
the mapping studies of Arbuthnott et al. (1970) and Ungerstedt 
(1971) an additional and, as usual in science, a new hypothesis 
was made possible, which brought along quite a few complica
tions with it. Crow suggested in 1972 that the dopamine 
containing neurons located in this region are actually mediating 
the reinforcing effects of the stimulation obtained with 
electrode placements in the ventral tegmental area. 

All the pharmacological evidence known in 1972 can equally 
well refer to a dopaminergic mediation of reward. The 
hypothesis complicated the field of self-stimulation research 
because it was not proposed as an alternative to the noradren
aline hypothesis but it was only for particular electrode 
placements that dopamine was supposed to play a mediating 
role. Thus, for testing the dopamine hypothesis it became 
important to find methods that distinctly influence the 
dopaminergic system or the noradrenergic system. 

At that time the work described in this dissertation was 
started. 

AN ACCOUNT FOR THE EXPERIMENTS DESCRIBED IN 
THIS THESIS 

In a first attempt to obtain more definite data supporting the 
dopamine hypothesis the effect on self-stimulation behavior of 
apomorphine, a drug supposed to stimulate at least one type of 
dopamine receptor (Ernst, 1965; Struyker Boudier et al., 1974; 
Cools et al., 1976) was studied. It will be discussed in 
chapter 2 that the results with apomorphine do indeed give an 
indication for a reinforcing effect of stimulation of a 
dopaminergic system. This is based on the fact that apo
morphine by itself appears to have reinforcing properties. The 
possibility will be considered that the characteristics of the 
behavioral effect of apomorphine, which is traditionally 
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described as stereotyped behavior, is the consequence of a 
continuous reinforcing stimulation by apomorphine. Some 
experiments to analyse the stereotyped behavior in terms of 
reinforcement contingencies are described in chapter 3. 

The second approach to an elucidation of the role of 
dopaminergic system in self-stimulation was made by using 
haloperidol, a drug known to block those dopamine receptors 
that are stimulated by apomorphine (van Rossum, 1966; Andén 
et al., 1970; Cools, 1971). In 1966 Dresse had already shown 
that the neuroleptic drugs, including haloperidol, are able to 
block self-simulation behavior. However, it is not yet clear from 
this study whether these effects are caused by an inhibition of 
the reinforcing effects of the electrical stimulation or by an 
interference with mechanisms involved in the performance and 
initiation of the operant response. In chapter 4 a method is 
discussed which produces different results depending on whether 
or not the drug produces its effects by a direct interference with 
the effects of the electrical stimulation. The method is based on 
the unilaterality of the self-stimulation phenomenon. The 
results with this method indicated that haloperidol inhibits the 
motivation for the operant response quite effectively. Thus, the 
combined results indicated that the dopaminergic system can 
mediate both the motivation for an operant response and the 
reinforcement from electrical stimulation of certain brain sites. 
As such the dopaminergic system is an important part of the 
reinforcing systems in the brain. 

In the light of the hypothesis that addicting drugs produce 
euphoric feelings by an interaction with reinforcing systems, it is 
predicted that drugs with a strong stimulating action on the 
dopaminergic pathways will have a considerable addiction 
potential. There is a lot of evidence accumulated that amphe
tamine is able to mimic or potentiate the activity of dopami
nergic neurons ever since the first suggestion in this direction 
was made (Smith, 1963; van Rossum and Hurkmans, 1964; van 
Rossum, 1970). As mentioned before, however, the poten
tiation of self-stimulation behavior by amphetamine is classi
cally ascribed to an interaction with the noradrenergic system 
(Stein, 1964). In order to obtain evidence that an action on the 
dopaminergic system can also be the cause of the marked chan-
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ges in self-stimulation behavior by amphetamine, we decided to 
apply this drug locally into the neostriatum and the nucleus 
accumbens. The results described in chapter 5 were clearly in 
agreement with the notion of a strong interaction with the 
dopaminergic system, but again, as was found with haloperidol, 
an influence on motivation was more clearly confirmed than an 
influence on the stimulation induced reinforcement. 

Having found a distinct locus in the brain where amphetamine 
has a strong behavioral action it was interesting to see whether 
the appetite depressant effect of this drug could also be related 
to this site of action. In chapter 6 we describe the results rela
ting to the question on the locus of action of the appetite 
suppressing effect of amphetamine. The results indicated that 
the anorectic amphetamine effects are caused by an interaction 
with brain sites other than those involved in self-stimulation 
effects. 

There is as yet no distinct brain site where morphine is 
supposed to exert its reinforcing effects. An increased activity 
of the systems mediating self-stimulation could explain such 
reinforcing effects. Morphine is known to have a biphasic effect 
on self-stimulation behavior. Adams et al. (1972) describe that 
10 mg/kg morphine depresses self-stimulation completely for 
two hours after which period a marked excitation is followed. 
Somewhere within the brain there has to be a clear interaction 
between morphine and the pathway mediating self-stimulation. 
The complex effects of morphine could indicate that this inter
action is effectuated at several sites within the brain. To find 
out about this matter a laborious localization study with 
morphine was started. There were scant guidelines for choosing 
a particular candidate site within the brain. Moreover, there is 
no need for a particular 'localized site' after all. The morphine 
effect could very well be a rather diffuse generalized effect on 
the brain so that any localization work would be bound to fail. 
But this too is something still to be found out! 

The method was to start with a gross screening of the brain 
with a large enough dose so that we obtained a smaller area 
where we could localize more precisely with a small dose of 
morphine. With the gross screening we found that there were 
separate areas mediating the depression and the stimulation 
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respectively. The stimulation was of particular interest since the 
stimulation is shown to correlate with some sort of stereotyped 
behavior (Lorens and Mitchel, 1973). As mentioned previously 
this stereotyped behavior is also elicited by apomorphine and 
could be related to reinforcement mechanisms. So we localized 
the stimulation mediating area more precisely and left the 
depression mediating area for work to be done after the com
pletion of this thesis. In a final experiment, a further confir
mation of the sensitivity of the identified site was obtained by 
work with cats. Cools had shown that these animals were very 
sensitive to manipulations with the dopaminergic system (Cools, 
1971, 1973). This model was used because the site identified in 
rats corresponded with the area where dopaminergic cell bodies 
are concentrated. The results indicated that the local morphine 
injections are mobilizing the dopaminergic system. Thus, also 
with morphine the dopaminergic system can partially be 
responsible for its reinforcing effect as will be discussed in 
chapter 7. 

In a final theoretical chapter we will deal with the mechanism 
of reinforcement in a wider perspective. Thereby we will 
attempt to clarify theoretical issues which came up in the 
course of this work on self-stimulation behavior and reinforcing 
drugs. 
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CHAPTER 2 APOMORPHINE AND SELF-STIMULATION 
BEHAVIOR: DOPAMINE AS TRANSMITTER OF 
REWARD? 

Up to 1972, the year in which these experiments were set up, 
all drug treatment experiments were in agreement with the 
hypothesis of catecholaminergic mediation of the rewarding 
effects by the electrical brain stimulation. For example, deple
tion of the rat brain from its catecholamine stores by reserpine 
or tetrabenazine results in a long lasting depression of self-
stimulation behavior as was shown in the first study with drugs 
on self-stimulation behavior by Olds, Killam and Bach-Y-Rita 
(1956). The catecholaminergic pathways in the brain can also 
be destroyed by the neurotoxic drug 6-hydroxydopamine. As 
expected, an intraventricular injection with this neuro-toxine 
abolished self-stimulation completely for several days (Bréese, 
Howard and Leahy, 1971). The inhibition of the catecholamine 
synthesis by alpha-methyl-para-tyrosine (û-MpT) also produces 
clearcut effects. Poschel and Ninteman (1966b) found that 
doses of 50-150 mg/kg i.p. of this drug inhibit hypothalamic 
self-stimulation almost completely without concomitant signs 
of strong sedative effects on the animals. A similar result was 
obtained by Cooper, Black and Paolino (1971) with septal or 
hypothalamic self-stimulation measured in a shuttle box. In this 
shuttle box stimulation could be obtained at one side so that 
the animal entered and left this side according to its own 
choice. By altering the positive side with a low frequency a 
depressed animal would not be handicapped. Yet, a—MpT 
reduced the amount of stimulation which the animal allowed to 
be delivered. Blockade of the catecholaminergic receptors with 
chlorpromazine gives a complete blockade of the self-stimu
lation, but an interpretation in terms of a general blockade of 
motor abilities will have to be excluded. This was accomplished 
by Stein in 1961 and later confirmed by Poschel and Ninteman 
(1966a). 

In the studies on chlorpromazine Stein used the method he 
developed with Ray (Stein and Ray, 1959). This method 
allowed the rat to adjust its own preferred current intensity by 
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pressing two levers alternately. Chlorpromazine was clearly 
shown to increase the self-stimulation threshold. In the study of 
Poschel and Ninteman the reinforcing effect of the electrical 
stimulation was evaluated from the time a rat remains on a 
small platform where the electrical stimulation is delivered. In 
such a set up an animal with a depressed motor system is not 
debilitated. Also in these experiments chlorpromazine was 
shown to reduce the effectiveness of the electrical stimulation. 
From these data it could be concluded that chlorpromazine 
reduces the reinforcing effects of electrical brain stimulation. 

On the other hand the inhibition of the degradation of 
catecholamines in the brain should according to the 
catecholamine hypothesis result in an increased effectiveness of 
the electrical stimulation. Indeed, treatment with monoamine-
oxidase-inhibitors such as iproniazide, tranylcypromide or 
pargyline is reported to potentiate the lever-pressing response 
for electrical stimulation (Poschel and Ninteman, 1964). It is 
particularly interesting that the combination of a monoamine-
oxidase-inhibitor with a drug that releases catecholamines such 
as tetrabenazine has a very strong stimulating effect on self-
stimulation behavior (Poschel and Ninteman, 1963). This com
bination mimics thereby the action of amphetamine which, as 
mentioned in chapter 1, has a powerful effect on self-stimu
lation. It is more difficult to obtain an increased self-stimulation 
rate with inhibitors of the uptake mechanism in the catecholami-
nergic synapse. Only with cocaine an increase was easily demon
strated (Crow, 1970). With Imipramine special conditions concer
ning the dosage, the site of stimulation, the time of measurement 
and the in tensity of the electrical stimulation were essential in order 
to observe a potentiation of the lever-pressing response. In 
many other circumstances a depression was obtained (Stark et 
al., 1969). It was pointed out by Crow (1970; Christie and 
Crow, 1971) that the differences in the effect of these uptake 
inhibitors could be related to their differential effectiveness 
with respect to the dopamine and noradrenaline uptake 
mechanisms. 

This brings us the important consideration that the drug treat
ments discussed so far do not differentiate between dopami
nergic synapses and noradrenergic synapses. The effects 
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obtained may be entirely caused by an interaction with only 
one of the two catecholamines, or even to a third monoamine, 
notably serotonin or adrenaline, which is recently proposed to 
be a central neurotransmitter (Bolme et al., 1974). 

Therefore the efforts in this study were concentrated on those 
drugs that are supposed to interact more or less specifically with 
one particular catecholamine system. One such a drug is 
apomorphine. It was suggested by Ernst (1965) to be a drug 
with agonistic properties on the dopamine receptor on the basis 
of its 'extrapyramidal' motor effects and its structural similarity 
to dopamine. The motor effects consisted of seemingly forced 
gnawing movements, excessive sniffing, searching behavior and a 
typical hunched posture, all together indicated as 'stereotyped 
behavior' Their interpretation was substantiated by the demon
stration that these typical behavioral effects of apomorphine 
can be elicited by local injections into the neostnatum, an area 
with a very high dopamine content (Ernst and Smehk, 1966). 
The direct effect of apomorphine on the dopaminergic recep
tors was later confirmed with the synthesis inhibitor alpha-
methyl-p-tyrosine or the storage depletor reserpine (Ernst, 
1967, Andèn et al , 1967) Despite a near total depletion of 
dopamine the effects of apomorphine were not inhibited. More 
direct evidence is recently obtained on snail neurons in our own 
laboratory by Struyker Boudier and Gielen (Struyker Boudier 
et al., 1974) In this preparation apomorphine was shown to 
mimic the excitatory effects of dopamine on particular neurons. 

Other drug treatments with differentiating actions between 
dopamine and noradrenaline will be discussed after a description 
of the effect of apomorphine on self-stimulation 

METHODS 

Male albino rats with a body weight of 200-250 grams were 
used from TNO m Rijswijk An electrode was stereotaxically 
implanted under sodium pentobarbital anesthesia (50 mg/kg). 
Commercially available twisted bipolar stainless steel electrodes 
were used (Plastic Products Company). The diameter of the 
electrode assembly penetrating into the brain tissue was 0.8 mm 
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whereas the uninsulated tips were 0.3 mm in diameter each. 
Three 0.8 mm jeweler screws were fixed on the skull and the 
electrode was anchored to these screws with polyacryl cement. 
The skull of the rat was positioned into the stereotaxic instru
ment according to the system used in the atlas of König and 
Klippel (1963). We have implanted to following areas: 
nucleus accumbens A 10.0 mm L 1.1 mm H-1.8 mm 
lateral hypothalamus A 5.5 mm L 1.5 mm H-3.1 mm 
cell group A9-10 A 3.0 mm L 1.1 mm H-3.4 mm 
locus coeruleus A - 0.7 mm L 0.9 mm H-1.8 mm 
The indicated co-ordinates refer to the origin point as defined in 
the König and Klippel atlas. The correctness of the co-ordinates 
was determined by preliminary implantations. 

Although the rats arived at the laboratory in group cages, they 
were individually housed after the stereotaxic operation. The 
operation, training procedures and experiments were performed 
in the light period of the diurnal cycle of the rats. 

Training for self-stimulation began 1 week after the operation. 
The rats had to learn to press a lever in order to obtain a train 
of electrical stimulation. A metal lever was placed 1 cm above 
the floor (glass) of a box 20 cm wide, 35 cm deep and 35 cm 
high. The lever was placed in the midst of a long side and the rat 
could be observed through one transparent (glass) short side. 
The cable on which the rat was connected was turnable and was 
plugged into an elastically surmounted contact. In this way the 
rat could freely move without much strain from the cable plug
ged into its electrode assembly. The reinforcing electrical stimu
lation consisted of one train of monophasic positive pulses with 
a frequency of 100 Hz. The pulse width was 0.2 msec and the 
train duration was 0.35 seconds. 

At the first training session the current was set at 140 μ A and 
later on increased in steps of 20 μΑ until self-stimulation was 
obtained. Training was not continued beyond 300 μΑ or after 
three training sessions of 90 min on subsequent days. Only rats 
which stimulated themselves with currents between 100 and 
300 μΑ with a reproducable rate were used for the experiments. 
In the course of two weeks the rats were trained and tested 
under different and subthreshold current intensities during daily 
90 minute sessions. Rats with lateral hypothalamic electrodes 
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were trained and measured at a fixed ratio 4 schedule in view of 
their extremely high stimulating rate. 

After this period drug effects were measured as follows: the 
current was adjusted such that the animal responded with a 
submaximal rate and a baseline was recorded for 30-45 min. 
Then the rat was injected and replaced in the test case. Priming 
stimuli were given in order to facilitate immediate resumption 
of responding. Lever-pressing was recorded after the injection 
for a period of 45 minutes. 

The self-stimulation rates in the drug state were calculated 
from the responses made in the following periods after the drug 
injections: 

100 Mg/kg apomorphine HCl s.c. dissolved in 0.2 ml saline: 
5-15 min after the injection. 

200 μg/kg apomorphine HCl s.c. dissolved in 0.2 ml saline: 
5-25 min after the injection. 

Injection sessions were spaced at least two days apart and 
were preceded by a training session on the previous day. 
Apomorphine HCl was injected subcutaneously near the groin. 

After completion of the experiment the brains were fixed in 
10% formaldehyde solution. The brains were sectioned in slices 
(0.3-0.4) such that the electrode tract was visible in three 
consecutive sections. The placements were determined by 
comparison of the slices with the sections drawn in the allasses 
of König and Klippel (1963) and Pellegrino and Cushman 
(1967). 

RESULTS 

The experiments were started with a group of five rats with 
electrode placements into the lateral hypothalamus. It was 
apparent immediately after the first trials that the group was 
not homogenous in its response to apomorphine. Two of the 
rats were completely inhibited by apomorphine, one was 
depressed to 35% of the baseline rate and two were stimulated 
by the dose of 200 Mg/kg apomorphine towards 138%-220% of 
the baseline rate. Additional rats were prepared with electrodes 
placed into areas in which the neurotransmitter mediating the 
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self-stimulation could putatively be inferred. Therefore elec
trodes were placed into the ventral tegmentum, where the cell 
groups A9 and AIO are located. These cell groups contain 
dopamine as neurotransmitter. Electrodes were also placed into 
the nucleus accumbens, were the cell group AIO terminates 
mainly. Lastly a group of rats was prepared with electrodes 
aimed at the noradrenaline cell group A6. 

Also with the additional rats both excitatory as well as 
inhibitory effects on self-stimulation were found (Fig. 2.lì. In 
14 of the 29 rats the lever-pressing rate was increased to often 
extremely high rates; an inhibition was seen in 13 animals. The 
drug effect' lasted 25 to 35 min. From Fig. 2.2 it is evident that 
it is justifiable to identify the variability as two main effects: an 
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Fig. 2-1: Effects of 200 ßg/kg apomorphine HCl s.c. on self-stimulation. 
Cumulative records of leverpressing for brain-stimulation in four 
different brain regions are represented. Reinforcer delivery is 
indicated by downward deflections of the recorder pen. 
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inhibition or an increase. It is also seen in Fig. 2.2 that the 
subject difference is independent of the area in which the rats 
stimulate themselves. Fig. 2-3 shows that the effect of 
apomorphine in each individual rat is highly reproducible. 
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Fig. 2-2: Distribution of the effects of 200 μg/kg apomorphine in all 
29 rats compared with saline controles (η = 10). 
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Fig. 2-3: Scatterdiagram illustrating the correlation between the first and 
the second apomorphine injection (n=13). Abscissa and 
ordinate: lever-pressing rate after apomorphine as percentage of 
the baseline rate. The group consists of rats with electrodes in 
the lateral hypothalamus (ft), nucleus accumbens (o), locus 
coeruleus (+) and ventral tegmental area (·). 

Reversal of the effect following repeated injections, i.e. an 
inhibition after one injection and an increase after the following 
injection, was never observed. Kendall's correlation coefficient 
between the first and the second apomorphine effect was 0.83 
(P<0.0001; two-tailed). Attempts to shape the inhibited ani
mals towards lever-pressing in both the first and the second drug 
session were only occasionally effective. In most inhibited 
animals the stimulation was virtually ineffective as reinforcer. 
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100 Mg/kg apomorphine HCl given to rats which did not show 
an increase of the self-stimulation rate resulted in either no 
change or an inhibition of shorter duration (15—20 min). The 
mean effect was 69.1% with s.e.m. of 22. The variance is signifi
cantly different from the saline variance (P<0.05; two-tailed; 
F-distribution). 

A statistically significant but low correlation of 0.63 existed 
between the baseline rate and the drug effect within the 
A9-A10 implanted group (P<0.001, two-tailed). This indicates 
that the smaller the baseline rate the smaller the chance of 
measuring an increase with apomorphine. Within the lateral 
hypothalamus group the correlation of 0.53 did not reach 
statistical significance. The correlation was absent within the 
nucleus accumbens group and the locus coeruleus group or 
when the data of all rats were pooled. This is due to the low but 

-1 θ 

Fig. 2-4 Electrode positions near the locus coeruleus. A filled circle (·}. 
indicates an electrode position in a rat that showed an increase 
of self-stimulation after apomorphine. An open circle foj 
indicates an electrode position in a rat that showed a decrement 
of the self-stimulation after apomorphine. The figures are 
redrawn from Pellegrino and Cushman (1967). The cerebellum 
is not redrawn m these frontal sections.For abbreviations see p.7. 

23 



nevertheless extremely regular stimulation rates of the nucleus 
accumbens group (10—25 rpm, cf. Atrens, 1970, Rolls, 1971). 

The electrode placements are presented graphically in the 
figures 2-4 to 2-7. In the nucleus accumbens group no syste
matic deviation was seen in those rats exhibiting depression 
under apomorphine. In the locus coeruleus group the depressed 
rats were placed somewhat more anterior whereas in the lateral 
hypothalamic group the excited rats were placed somewhat 
more lateral. Within the A9-A10 group the depressed rats had 
their electrodes penetrated slightly deeper into the brain. 
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Fig. 2 - 6 Electrode positions near the lateral hypothalamus. A filled 
circle (·) indicates an elei trade position in a rat that showed an 
increase of self-stimulation after apomorphine. An open circle 
(oj indicates an electrode position m a rat that showed a decre
ment of the self-stimulation after apomorphine. The figures are 
redrawn from König and Klippel (1963). For abbreviations see 
P7 

Fig. 2-5 Electrode positions near and within the ventral tegmental area 
where the dopaminergic cell-groups A9 and AIO are located. A 
filled circle (·) indicates an electrode position m a rat that 
showed an increase of self-stimulation after apomorphine. A 
half filled circle (a) indicates an electrode position m a rat that 
did not modify its self-stimulation rate after apomorphine. An 
open circle (oj indicates an electrode position m a rat that 
showed a decrement of the self-stimulation after apomorphine. 
The figures are redrawn from König and Klippel (¡963). For 
abbreviations see ρ 7 
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Fig. 2-7: Electrode positions within the nucleus accumbens. A filled 
circle (·) indicates an electrode position in a rat that showed an 
increase of self-stimulation after apomorphine. A half filled 
circle (Φ) indicates an electrode position in a rat that did not 
modify its self-stimulation rate after apomorphine. An open 
circle (o) indicates an electrode position in a rat that showed a 
decrement of the self-stimulation after apomorphine. The 
figures are redrawn from König and Klippel (1963). For abbre
viations see p. 7. 

DISCUSSION 

The difference seen in these experiments between animals 
which responded to apomorphine with an increase in the self-
stimulation rate and animals which responded with a decrease 
was present in all four groups of rats with electrodes in four 
different brain regions. 
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It is unlikely that this individual variation is caused by a diffe
rence in drug-sensitivity because apomorphine in a lower dosage 
of 100 Mg/kg given to inhibited animals did not result in a con
sistent increase. Liebman and Butcher (1973) reported that 
responding to electrical brain stimulation was decreased by 0.75 
and 1.5 mg/kg apomorphine HCl i.p. Our results confirm the 
observation of depressing and stimulating effects of apomor
phine on self-stimulation reported by Wauquier and Niemegeers 
(1973). 

The dosage of 0.2 mg/kg used in this experiment is markedly 
below the ED50 for the elicitation of the gnawing syndrome. 
Therefore, the argument that the engagement in stereotyped 
gnawing incapacitates the animal for lever-pressing cannot 
explain the observed inhibition of self-stimulation in our 
experiments. The behavior of repeated sniffing on the floor and 
rearing against the walls observed after 200 Mg/kg if the animals 
do not stimulate themselves can be described as stereotyped*, 
but only of the mildest form. Exploration and increased stimu
lus sensitivity are demonstrated under apomorphine at a much 
higher dosage (Carlsson, 1972). Thus, an extreme diminution of 
the behavioral variability cannot be the cause of the failure to 
train the animals under apomorphine. Furthermore, if an 
extreme diminution of the behavioral variability was the only 
cause of the failure to shape the animals towards lever-pressing 
under apomorphine it should have been possible to get an 
increase of responding after the second injection. Fig. 2-3 
shows, however, that both increments and inhibitions are 
individually reproducible. 

Concerning the interpretation of drug effects on self-stimu
lation in general one can have the following possibilities: 
In case a drug increases self-stimulation behavior it can be due 
to: 
1. A potentiation of the reinforcing and motivating processes 

that are initiated and extinguish contingent upon the electrical 
stimulation. For example, this includes a potentation of the 
release of the transmitter that mediates the rewarding effects 
of the stimulation. It also includes an inhibition of the aver-

* The adjective 'stereotyped' is used to describe a behavior characterized by an 
exaggerated repetition of a normally occurring behavioral category. 
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sive components of the electrical stimulation. 
2. A continuous positive reinforcing stimulation of an animal 

that is not able to learn that there is no need anymore to 
press a lever for reinforcing stimulation. The animal is thus 
responding in a superstitious manner (Skinner, 1948). 

3. A stimulation of motivational mechanisms, motor systems or 
arousal mechanisms that improve an animal's performance of 
an operant task. 

In case a drug depresses self-stimulation behavior it can be due 
to: 
1. A depression of the reinforcing and motivating processes that 

are initiated and extinguish contingent with electrical stimu
lation. For example, this includes a depression of the release 
of the transmitter that mediates the rewarding effects of the 
stimulation. It also includes a potentiation of the aversive 
components of the electrical stimulation. 

2. A continuous positive reinforcing stimulation of an animal 
that learns that there is no need anymore to press a lever for 
reinforcing stimulation. 

3. A depression of motivational mechanisms, motor systems or 
arousal mechanisms that interfere with the animal's proper 
performance in an operant task. 

In case a drug stimulates the self-stimulation behavior in some 
animals and depresses it in others the most convenient inter
pretation is that this is due to a direct continuous positive rein
forcing stimulation with consequences as described under 2 in 
the above mentioned considerations. Thus, the hypothesis is 
proposed here that apomorphine is such a drug with positive 
reinforcing properties. Apomorphine will therefore reinforce 
the behavior that is performed during the onset of drug action 
and as a result the animal will show a strong tendency to 
perseverate in this behavior under the influence of the drug. In 
this way stereotyped lever-pressing, sniffing or other behavior 
can occur. With this mechanism the low correlation which exists 
between the baseline rate and the drug effect can be explained. 
It is conceivable that for low rate responders in which the 
electrical brain stimulation is less reinforcing the chance that 
other behaviors than lever-pressing are reinforced is increased. 
Thus, on a fixed interval schedule with water reinforcement the 
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interresponse interval is still longer and an inhibition of lever-
pressing is consistently seen in these experiments (de Oliveira 
and Graeff, 1972). Lever-pressing in a shock avoidance situation 
resulted in increased responding in 6 out of 11 rats (Butcher, 
1968), a distribution comparable with that found in our experi
ments. This latter study illustrates that stimulating and inhibi
ting effects of apomorphine can occur in animals without intra
cerebral electrodes. 

The present interpretation in terms of a reinforcing effect of 
apomorphine cannot explain why a particular rat is inhibited or 
stimulated. The interpretation only explains the very existence 
of inhibitions and excitations induced by the same drug treat
ment. Many influences can be involved to induce a stimulation 
or an inhibition. Such an influence may originate from the 
electrode placement. In the present study no correlation could 
be found between the apomorphine effects and the proximity 
of noradrenergic or dopaminergic fibers. The variability in 
apomorphine effects was present in a group of rats with elec
trodes near or within the noradrenergic cell group A6 near the 
locus coeruleus. Similarly the variability was present in a group 
of rats with electrodes in the ventral tegmentum in the area 
where dopaminergic cell bodies are located. From Fig. 2-5 it 
appears that within the group A9-A10 implanted rats depres
sions occur in those rats with the electrode encroaching the 
substantia nigra reticulata. The significance of this cannot be 
evaluated on the basis of these small and possibly coincidental 
differences. 

Of course, more complex interpretations of the apomorphine 
effects are possible. For example, in a recently published study, 
in which the above discussed findings were confirmed, it is 
proposed that apomorphine's reinforcing effects predominate in 
rats who's self-stimulation is inhibited but that motivation 
increasing effects predominate in rats that are stimulated by 
apomorphine. This interpretation was based on a correlation 
between the effect of apomorphine and the differential effects 
of the amphetamine stereoisomers (Herberg et al., 1976), but 
more data are needed to reject the interpretation which is only 
based on a reinforcing effect of apomorphine in аП animals. 

Apomorphine is not the only drug known to induced stereo-
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typed behavior. It is well-known that morphine, cocaine and am
phetamine also induce stereotyped behavior (Fog, 1969, 1970). 
All these drugs have reinforcing properties. It is therefore tempt
ing to explain the essential characteristics of stereotyped behavior 
in general as the result of a continuous reinforcing stimulation 
by these drugs. In chapter 3 this hypothesis will be discussed in 
more detail. 

After the publication of the above discussed results the rein
forcing action of apomorphine was demonstrated straight
forwardly in self-administration experiments. It was shown by 
Baxter et al. (1974) and later confirmed by Wise et al. (1976) 
that apomorphine is self-administered eagerly by rats and that 
this behavior is antagonized by the dopamine receptor blocking 
agents haloperidol and pimozide. The demonstration of the 
reinforcing effects of apomorphine is strong evidence in favour 
of the supposed ability of the dopaminergic system to mediate 
the reinforcing effects in self-stimulation behavior. 

Another phenomenon was presented by Phillips and Fibiger 
(1973) to support the existence of a dopaminergic system as a 
substrate for self-stimulation behavior. These authors demon
strated that in those animals stimulating with electrodes in 
dopaminergic areas the two stereo-isomers of amphetamine are 
equipotent in stimulating the lever-pressing rate whereas the 
d-isomer is much more potent than the 1-isomer in those rats 
with electrodes in areas with noradrenergic fibers. Thus, the d-1 
differential is less than three with rats with electrodes in the 
substantia nigra, the far-lateral hypothalamus and the nucleus 
accumbens whereas the differential is more than 10 with rats 
with electrodes in the locus coeruleus and the (mid)-lateral 
hypothalamus (Phillips et al., 1975; Goodall and Carey, 1975; 
Stephens and Herberg, 1975; Ellman et al., 1976). The original 
rationale for the study of these isomers was based on the data 
of Taylor and Snyder (1971) who showed the isomers of 
amphetamine to be equally effective with respect to the 
dopamine uptake inhibition, but differentially effective with 
respect to the noradrenaline uptake inhibition. However, recent 
results from different laboratories have not confirmed the 
original findings (Ferris et al., 1972; Thornburg and Moore, 
1973; Harris and Baldessarini, 1973; Chiueh and Moore, 1974). 
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It is argued by Phillips et al. (1975) in connection witñ these 
contradictory findings that the self-stimulation results could 
also find there ultimate explanation in the differential effec
tiveness of the stereo-isomers with respect to their dopamine 
and noradrenaline releasing abilities. But, in raising this possi
bility, it should be realized that a release of catecholamines by a 
drug is not contingent with the intermittantly presented electri
cal reinforcing stimulation. It is therefore still possible that the 
self-stimulation is increased in these experiments by an 
increased motivation rather than an increased reinforcing effect. 
It might very well be possible that also the motivation for self-
stimulation is mediated by different pathways for self-stimu
lation in different areas. The concept of motivation is used here 
to indicate causative brain processes in operation at the moment 
of the approach towards the situation in which the reinforce
ment is obtained In chapter 4 and 5 we will discuss this topic 
further in relation to the method we used to measure effects on 
stimulation dependent reward and stimulation independent 
motivation separately. 

As shown in the above discussion it is only by way of indirect 
and combined information that the dopaminergic mediation of 
reward can be demonstrated. Either it is difficult to show that 
the effects are obtained by an interaction with the rewarding 
effects of the electrical stimulation per se as opposed to an 
interaction with the motivation to perform the operant 
response, or it is difficult to show that the effects obtained are 
due to an interaction with the dopaminergic system per se as 
opposed to an interaction with the noradrenergic system. As an 
example of the latter, the original anatomically based argument 
used by Crow (1972) is not presented here as evidence in favour 
of the dopaminergic hypothesis. It is argued by Belluzi, Ritter, 
Wise and Stein that the self-stimulation obtained from the 
ventral tegmentum can equally well be due to stimulation of the 
ventral noradrenergic bundle coursing through this area (Belluzi 
et al., 1974, Ritter and Stein, 1974). They showed that knife 
cuts severing the ventral bundle were seriously disturbing the 
self-stimulation in the putative dopaminergic area. Although 
these data in turn can also be challenged on the basis of other 
arguments we will not elaborate on this since independent 
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researchers have reported self-stimulation in one of the nuclei of 
origin of the ventral bundle (Carter and Phillips, 1975). 

Another observation cannot be presented at this stage as 
proof for the dopamine hypothesis. As mentioned before, the 
neuroleptic drugs and in particular those that are specific for 
the dopamine receptor are known to be powerful inhibitors of 
self-stimulation behavior. But, since these drugs are able to 
inhibit all kinds of operant behaviors, even to the extent that 
higher doses induce an immobile state (catalepsy), more is 
needed to show that this has something to do with a lack of 
reinforcement. Fouriezos and Wise (1976) and Fibiger et al. 
(1976) reasoned that, if there would be normal extinction 
behavior in a test in which the drug was administered long 
before the start of the test for self-stimulation behavior, then 
this would demonstrate the lack of reinforcement as the prime 
cause of the inhibition of lever-pressing behavior. Fouriezos and 
Wise indeed did observe such extinction behavior, but unfor
tunately Fibiger et al. did not. 

An important aspect in relation to the above discussion is that 
there is thusfar no evidence against the dopaminergic mediation 
of reward. The demonstration by Fibiger et al. (1976) e.g. that 
the dopamine receptor blockers inhibit self-stimulation behavior 
together with all kinds of other behaviors is certainly not 
presented as counterevidence. Rather it should be noted that a 
general effect can operate in conjunction with specific effects 
on reward. In chapter 4 we will continue the discussion on this 
particular point. 

As mentioned in the introduction of this chapter it was of 
particular interest to see whether all the evidence sampled in the 
past with drugs to establish the noradrenergic mediation of the 
rewarding stimulation could be ascribed in turn to effects on 
the dopaminergic system. Since there is some sound evidence 
now that dopamine indeed mediates reinforcing stimulation it 
becomes important to re-establish the noradrenergic hypothesis 
with new more firm evidence. Again we enter then a debate 
with a set of inconclusive evidence. For example, the synthesis 
of noradrenaline can be reduced by drugs such as disulfiram and 
dithiocarbamate and these drugs do inhibit the self-stimulation 
behavior but it correlates with strong sedative effects (Wise and 
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Stein, 1969; Roll, 1970). In addition the more specific 
noradrenaline synthesis inhibitor FLA-63 is inhibiting self-
stimulation only if a reserpine pretreatment is given (Lippa et 
al., 1973; Franklin and Herberg, 1975). Moreover, a general 
effect of these drugs on motivation is not yet excluded. 
Noradrenaline injected intraventricularly is able to increase the 
self-stimulation rate or ю re-establish the inhibited behavior 
after synthesis inhibition with disulfiram but again non-specific 
effects are not excluded in these experiments (Wise and Stein, 
1969; Franklin and Herberg, 1975). 

Despite all this the noradrenergic mediation should not be 
doubted since self-stimulation is demonstrated all along the 
dorsal noradrenergic pathway. In fact, successful self-stimu
lation in the tiny group of noradrenaline containing cells near 
the locus coeruleus was predicted by the noradrenaline 
hypothesis, rather than that the hypothesis was proposed after 
this discovery (Crow et al., 1972; Ritter and Stein, 1973). The 
anatomical argument is thusfar best to be used in favour of the 
noradrenaline mediation of reward, but it is no proof since the 
brain, as a Gordian knot, is still giving plenty of opportunities 
to those willing to ascribe self-stimulation mediation to a net
work of different fiber pathways (Clavier and Routtenberg, 
1976a, b). 

In addition to these dopaminergic and noradrenergic path
ways self-stimulation can be ascribed to stimulation of a 
serotonergic pathway originating from the median raphe 
nucleus. Although serotonin synthesis inhibition by pCPA is 
shown to be stimulating to self-stimulation from the lateral 
hypothalamus it impairs the self-stimulation with electrodes in 
the median raphe nucleus (Milliaressis et al., 1975). Until 1976 
serotonergic pathways were considered to be inhibiting to the 
reinforcing effects of self-stimulation behavior (Poschel and 
Ninteman, 1971; Poschel et al., 1974). This is probably still 
correct but the pathway from the median raphe apparantly is an 
exception to this. The stimulating effects of the serotonin 
precursor 5HTP and the inhibiting effects of pCPA on self-
stimulation into this nucleus is the only evidence sofar but also 
in this case the reinforcing effects were actually predicted. 
Cools (1974) had suggested on the basis of experiments with 
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cats that a serotonergic pathway was connected in series with 
the dopaminergic system. So if dopamine mediates reward than 
a serotonergic pathway should also do so. In a study on the 
stereotyped behavior induced by morphine in cats evidence is 
presented for the reinforcing effects of serotonin (Cools et al., 
1974). 

Finally some evidence is available suggesting self-stimulation 
pathways with still another neurotransmitter than noradrenahne, 
dopamine or serotonin. Self-stimulation from electrodes within 
the ventiomedial nucleus of the hypothalamus was reported and 
this nucleus is not known to be innervated or perforated by the 
noradrenergic, dopaminergic or serotonergic pathways (Ball, 
1972; Goldstein and Ripley, 1976). 

In summary, both evidence and bias let us identify four major 
systems mediating the reinforcing effects of self-stimulation 
behavior: 
1. The noradrenergic fibers originating from the locus coeruleus 

and terminating a.o. within the cortex and noradrenergic 
fibers originating from the A2 group and running within the 
ventral noradrenergic bundle and terminating a.o. into 
diencephalic areas. 

2. The dopaminergic pathways originating from the ventral 
tegmental area and terminating within the nucleus caudatus-
putamen, the nucleus accumbens and the frontal cortex. 

3. A serotonergic system originating from the median raphe 
nucleus. 

4. An as yet unidentified pathway within or originating from 
the ventromedial hypothalamus. 
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CHAPTER 3 STEREOTYPED BEHAVIOR AS A FORM 
OF SUPERSTITIOUS BEHAVIOR 

In chapter 2 the suggestion was made that stereotyped behavior 
is generated by a continuous reinforcement of those behavioral 
elements that are predominantly displayed during the onset of 
action of a reinforcing drug. In this chapter a number of experi
ments are described that were performed to test the generality 
of this hypothesis. The hypothesis will be developed further to 
include an explanation for a larger number of properties of the 
so-called stereotyped behavior. 

EXPERIMENT 1 : STEREOTYPED LEVER-PRESSING UNDER 
APOMORPHINE 

According to the reinforcement hypothesis of stereotyped 
behavior even a lever-pressing response should be reinforced if it 
presents itself properly during the onset of drug action. In this 
way the apomorphine induced inhibitions and excitations on 
self-stimulation were interpreted. With respect to the results 
with animals that did not perform self-stimulation it was 
supposed that the apomorphine induced reinforcement is strong 
enough to compete succesfully with the electrical reinforcer. A 
similar reduced effectiveness of the electrical reinforcer in the 
group of increased responders can exist. This would imply that 
the animal will continue to press the lever in the absence of 
the electrical reinforcer. In the experiment that is described next 
this implication was verified. 

Methods, results and discussion 

Five rats with electrodes placed in the ventral tegmentum were 
used in this experiment. The animals were all used in the experi
ments described in chapter 2 and belonged to the group of rats 
that were actively responding under the influence of 
apomorphine. 
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All procedures were the same as described in chapter 2 up to 
the 10th minute after the injection of apomorphine. At that 
time the current was suddenly switched to zero. In undrugged 
animals this procedure results in a rapid extinction within 
1 min. However, under apomorphine responding ceased on an 
average 25 minutes after the injection (range 22-30 min) 
(Fig. 3-1). This continued lever-pressing behavior lasted only 
slightly shorter as the increasing effect of apomorphine on self-
stimulation. The result is therefore in accordance with the 
postulated reinforcing action of apomorphine. 
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Fig. 3—1: Apomorphine induced delayed extinction of lever-pressing for 
brain stimulation into the ventral tegmental area. Cumulative 
records are represented. Above: Extinction in untreated rat with 
comparable response rate. Under: Delayed extinction under 
200 ßg/kg apomorphine. The delivery of an electrical reinforcer 
is indicated by a downward deflection of the recorder pen. 

EXPERIMENT 2: STEREOTYPED LEVER-PRESSING UNDER AMPHE
TAMINE 

As an explanatory principle the concept of stereotyped 
behavior as a form of superstitious behavior is extremely 
powerful. It is able to explain the existence of striking indivi-
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dual differences in the actual form of the stereotypy. For 
example, in an exhaustive review dealing with amphetamine 
stereotypies Randrup and Munkvad (1967) describe the obser
vations of Lát (1965) that rats placed in a novel environment 
were running along the walls of the cage instead of the repeated 
sniffing in a restricted region of the cage. We might suppose that 
these rats were running along the side of the cage at the time 
the drug was penetrating the brain. In animals with a large 
behavioral repertoire there are many more variations in the 
form of the stereotypy. This is particularly evident in man 
where amphetamine induced stereotyped behavior manifests 
itself as a repetition of highly complex manipulations with 
objects or the repetition of a particular sentence (Kalant, 1966). 
Ellinwood (1971) described in cats how the individual specific 
patterns gradually emerged out of a more random set of 
behaviors. He was actually the first to interpret stereotyped 
behavior as a form of accidental conditioning. 

Nevertheless there is always some feature particularly 
conspicuous in its occurrence in different species. Thus, in 
rodents gnawing and sniffing movements are predominant. With 
rabbits there is more running behavior incorporated into the 
stereotypy. In cats there are a lot of jumps and head or looking 
movements into the stereotypy. Pigeons are always pecking at 
one particular spot (Randrup and Munkvad, 1967; Nymark, 
1972; Cheng et al., 1975). One interpretation might be that in 
these species the behaviors incorporated into the stereotypies 
are the ones most likely displayed during the onset of drug 
action. Another possibility is that these instinctive* behavioral 
elements are directly elicited. 

Most of these reported observations were made with amphe
tamine as the experimental drug. This drug is eliciting stereo
typed behavior like apomorphine, but is doing so at higher 
dosages. In addition it is able to stimulate locomotor behavior 
at lower dosages (van Rossum, 1970). Therefore the more 
specific drug apomorphine should be preferred for behavioral 
studies of the phenomenon of stereotyped behavior in animals. 
Yet, the observation of continued lever-pressing behavior under 

* defined in chapter 8, p. 108. 
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apomorphine was replicated with amphetamine to test the gene-
ralizability of the phenomenon. 

Methods, results and discussion 

In Figure 3-2 it is shown that also with amphetamine a com
parable stereotyped lever-pressing behavior could be obtained. 
However, it was much less frequently seen that rats continued 
to press a lever for electrical brain stimulation after injections of 
high dosages of amphetamine. It is described by several authors 
that high dosages of amphetamine reduce or inhibit self-stimu
lation (Atrens et al., 1974; Wauquier and Niemegeers, 1974). 
Since amphetamine has a wider activity spectrum than 
apomorphine, it may have quite different stimulus properties as 
the electrical stimulation so that the animal is less likely to be 
trapped into superstitious behavior. It could also be that the 
depressant effect of some serotonergic pathway was potentiated 
by amphetamine. Only three of the eight rats of our group 
continued to press the lever and they did so with a reduced rate. 
Nevertheless, these three rats did exhibit the phenomenon of 
continued lever-pressing behavior without electrical reinforce
ment. 

Comparable data as those reported here were described before 
with amphetamine. Skinner and Heron (1937) found that rats 
working for food reinforcement increased their rate of 
responding under amphetamine even though they did not 
consume their food reward (Faidherbe et al., 1962). Teitelbaum 
and Derks (1958) reported the same phenomenon. They also 
showed that licking behavior as an operant to avoid electric 
shock was potentiated by high doses of amphetamine to extre
mely high rates. This potentation was also seen if the schedule 
was such that it led to an increased shock delivery. All these 
penomena can be interpreted in terms of a drug induced reinfor
cement of those behavioral elements performed by the animals 
at the time of drug penetration into the brain. 
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AMPHETAMINE ON SELF - STIMULATION EXTINCTION 
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F/^. 3—2: Amphetamine induced delayed extinction of lever-pressing for brain stimulation into the ventral tegmental 

area. Cumulative record is represented. The delivery of an electrical reinforcer is indicated by a downward 

deflection of the recorder pen. 



EXPERIMENT 3: SWIMMING MICE 

In the experiments described above the animals still had some 
choice possibility. One cannot be certain that the lever-pressing 
response is always the response to be incorporated into the 
stereotypy since the animal could have done something else at 
the moment the reinforcing drug started to act. In the next 
experiment the animals were forced to perform one particular 
response. By placing them into a sink filled with water they 
were forced to swim. It was tested whether this swimming 
behavior becomes stereotyped. 

Methods, results and discussion 

Albino male mice of 25-30 grams were used. They were injected 
intraperitoneally with 1 mg/kg apomorphine HCl and 
5 minutes later dropped into a sink filled with 9 cm deep tap 
water of about 30°C. Dimensions of the sink were 34 χ 34 cm. 
The upper edge of the sides extended 6 cm above the water 
level. Thus, the mice were unable to escape from the water and 
were forced to swim. After another 5 minutes a sponge was 
placed into the water near the swimming animal. The 
10 χ 15 cm sponge extended only 0.5 cm above the water level. 

Immediately after the animals were placed into the water they 
began swimming around panicky to look for a site to escape. 
Very soon they stopped swimming around. Instead, they were 
water treading near the sides and made attempts to escape from 
the water. The behavior of apomorphine injected animals 
looked similar. At the moment the sponge was placed into the 
water the control animals immediately climbed upon the 
sponge. They were upon the sponge 2 seconds after the first 
touch of the sponge or 33 seconds (standard deviation ± 20) 
after the sponge was placed into the water (n = 6). If, however, 
the mice were treated with 1 mg/kg apomorphine 5 min before 
they were placed into the water, they did not save themselves 
but continued water treading. Only 3 of the 11 drug treated 
mice clung to the sponge but without climbing upon the 
surface. After 5 minutes all mice were picked out of the water. 
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So, indeed, in this attempt it seemed as though the mice were 
water treading in a stereotyped manner under apomorphine. In 
order to test whether motor or sensory disabilities under 
apomorphine could account for the failure of successful water 
escape an additional observation was made. Six mice were injec
ted with apomorphine and placed into a macrolon cage 
(11.5 χ 18 χ 15 cm). 10 Minutes later the mice were dropped 
into the water in which the sponge was present. These mice 
immediately swam to the sponge and climbed upon it. Thus, 
although they were treated with the same dosage of 
apomorphine as the mice displaying stereotyped swimming 
these mice were very well able to perform the escape response 
under apomorphine. 

It appears that the results of this experiment are in agreement 
with the reinforcement hypothesis. The conditioned character 
of the mice displaying stereotyped water treading expressed 
itself quite clearly when the mice that continued the full 
5 minutes swimming were placed upon the sponge; 5 of the 8 
mice jumped back into the water to continue the water treading 
behavior near the sides of the sink! 

EXPERIMENT 4: REARING RATS 

In the previous experiment the animal had no alternative to 
incorporate other behaviors into the stereotypy. In the next 
experiment an even more simple situation was used, but herein 
the animal had the opportunity to modify its stereotypy gradual
ly after an initial stereotypy was forced. The animal was kept in a 
rearing position at the time the drug was penetrating into the 
brain. 

Methods, results and discussion 

Rats of 180—200 g were immediately after the injection of 
1 mg/kg apomorphine HCl s.c. (near the groin) placed into a 
narrow cardboard box such that they could only develop stereo
typed sniffing behavior in a rearing position on their hindlegs. 
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Once the stereotypy was fully developed after 15 minutes the 
cardboard box was slowly lifted so that after one minute the 
rats found themselves in a rearing position against one of the 
walls. Now, if they had developed a rearing stereotypy they 
would have been expected to remain in that position sniffing 
against the wall until the effect of apomorphine wore off. All 
rats, however, were within 3 minutes displaying the classic 
stereotyped behavior of sniffing on the floor with a hunched 
back. This result does not seem to be in agreement with the 
hypothesis that any behavior that is performed during the onset 
of drug action will be incorporated into the stereotypy. 

EXPERIMENT 5: RUNNING MICE 

In the experiment described next, mice were running full-speed 
in a treadmill. The running behavior was not forced but induced 
by the situation. Thus, an alternative behavior could be perfor
med in the situation at any moment. If a non-running stereo
typy would develop this will be a drug elicited stereotypy, since 
the alternative behavior could not have been accidentally rein
forced. 

Methods, results and discussion 

Different groups of mice (25-30 g) were trained to run in a 
treadmill during one hour each day. The treadmills used were 
commercially available plastic wheels with a diameter of 14 cm. 
At first the behavior in these treadmills is less efficient but after 
some training all mice were running constantly with only very 
few pauses. In this situation we might expect the development 
of stereotyped continuous running behavior if 1 mg/kg 
apomorphine HCl i.p. is administered to the animals running in 
the treadmills. What was found, however, is the intermediate 
situation that the mice were running under apomorphine with a 
40 to 50% reduced speed (Fig. 3-3). With repeated injections of 
apomorphine on successive days the depression of the running 
behavior disappeared. These results point to an interesting 
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Fig. 3-3: Effect of apomorphine (1 mg/kg i.p.) on running activity of 
mice in a treadmill. The mice had the opportunity to run daily 
for one hour immediately after a saline and later, after an 
apomorphine injection. 

aspect of the apomorphine effects. A form of tolerance is obser
ved to the depressant effects of apomorphine on full-speed 
running. Thusfar, the stereotypy inducing or locomotor stimu
lant effects of apomorphine and amphetamine were not found 
to be subject to tolerance (Kokkinidis et al., 1976). It is there
fore unlikely that biochemical changes near the site of drug-
receptor interaction are the cause of the tolerance observed 
here. Rather, changes in the effectiveness of central nervous 
system pathways can be the cause of the observed tolerance. 
These changes might be of a similar nature as the changes in the 
nervous system that occur during learning. This interpretation is 
in line with recent suggestions e.g. in connection with morphine 
tolerance, that learning can be of paramount importance in the 

43 



development of tolerance (Siegel, 1975). The very fact learning 
behavior can occur under the influence of apomorphine is not 
in conflict with a simultaneous continuous reinforcing stimula
tion by apomorphine. Modification of the apomorphine stereo
typy by learning is shown to be possible (Borberg, 1974; Gale et 
al., 1975). In these experiments particular behavioral effects of 
apomorphine, such as sniffing or gnawing the grid floor, were 
negatively reinforced by shock deliveries during or from the 
start of the action of apomorphine. With the presentation of a 
woodblock as a positive reinforcer it has also been shown that a 
head turning response can be learned under the influence of 
apomorphine (Robinson et al., 1969). Learning under 
apomorphine can either occur as an imposed adjustment of the 
apomorphine reinforced behavior to the environment or it can 
be based on other reinforcing pathways, such as noradrenergic 
or serotonergic, that are in operation in addition to the pathway 
that is affected by apomorphine. 

EXPERIMENT 6: HOARDING HAMSTERS 

In a final experiment the report of van Rossum (1970) on 
hoarding behavior of hamsters under apomorphine is repro
duced. 

Methods, results and discussion 

Groups of 5-6 naive hamsters of 100-110 g and 11 weeks old 
were used for the observations. If these animals are placed in a 
small new environment were a lot of nesting material (Kleenex 
tissue) is scattered over the floor they will immediately start to 
hoard. Apomorphine 1 mg/kg i.p. was administered immedia
tely before the hamsters were placed into a small macrolon cage 
of 11.5 χ 18 cm. All six hamsters started to hoard and con
tinued to do so until their cheek-pouches were filled. Then 
some of the hoarded tissue was pushed out, manipulated and 
placed back into the cheek-pouch. This behavior continued for 
about an hour after which the hoarded amount was lodged into 
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a corner of the cage. The hoarding behavior can be measured 
more objectively with a cotton thread. If this thread is available 
from the start the hamsters started to hoard the thread. The 
length of the hoarded thread is a measure for the amount of this 
activity. In five hamsters the hoarded length under 
apomorphine was 6.4, 4.0, 15.0, 9.2 and 2.2 meters. Hoarding 
of cotton thread could not be induced in untreated animals. 

This result clearly demonstrates that it is not just gnawing and 
licking that can be elicited by apomorphine in rodents. Yet, the 
gnawing and licking stereotypy also develops in hamsters if 
no nesting material is present Irom the start. Signs of the con
ditioned aspect of the behavior can be observed if nesting 
material is supplied after the gnawing and licking behavior is 
fully developed under apomorphine (10 minutes after the injec
tion). The material as well as a cotton thread is only touched in 
passing but the animals continue to gnaw and lick on the floor 
and walls of the cage. 

GENERAL DISCUSSION 

The last three experiments illustrate that there are more factors 
operative in the determination of the ultimate torm of the 
stereotypy as a mere reinforcement contingency learning. Appa
rently, some behavioral categories are predisposed to be incorpo
rated into the stereotypy. For example as shown in experi
ment 4 the hunched position is such a behavioral category. In 
experiment 5 it is seen that this predisposition is interfering 
with normal running behavior. Yet, after some training it is 
superseded by undisturbed running behavior. Thus, the 
behavioral categories that can be conditioned into the stereo
typy should not be in conflict with the topography of certain 
behavorial categories that are predisposed by the action of the 
drug. In experiment 6 it is even observed that a behavior that is 
not displayed by untreated hamsters, the hoarding of a cotton 
thread, is facilitated by apomorphine. The combined data 
indicate that some instinctive behaviors are facilitated by 
apomorphine and that concomitantly with this facilitation a 
conditioning process is operative (Ellinwood and Kilbey, 1975; 
Cools, 1975). 
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In the following it will be shown that in particular this 
modified version of the superstition hypothesis of stereotyped 
behavior is in agreement with modern opinions on the mecha
nism of reinforcement and superstitious behavior. 

By close observations of pigeons Staddon and Simmelhag 
(1971) discovered that after prolonged performance of super
stitious behavior other responses suddenly appear into the 
behavioral sequence. These behaviors are related to the consum-
matory response in which the normal sequence of events ter
minates. An example is the pecking behavior at one particular 
spot in or near the food cup that is displayed by pigeons before 
the food is presented. Such responses, designated as terminal 
responses, cannot be explained by accidental reinforcement. 
They can, however, be explained by the phenomenon of instinc
tive drift as discovered by Breland and Breland (1961). These 
authors describe how after the prolonged performance of an 
operant response the appearance of instinctive behaviors inter
fere with the proper performance of the response. For example, 
a raccoon had to transport a wooden object from one place to 
another for a food reward. After prolonged training, however, 
the raccoon started to wash the wooden objects instead of 
carrying them. This behavior interfered severely with the 
operant response and it delayed the delivery of the reward. It 
was interpreted by Breland and Breland by assuming that the 
operant behavior drifted to the display of instinctive behavior 
patterns. 

Analogously Staddon and Simmelhag interprete the appea
rance of terminal behaviors* in the superstitious behavior para
digma as an example of instinctive drift. It is attractive to 
suppose that in the apomorphine induced superstition an 
instinctive drift will also occur. The apomorphine induced 
pecking behavior in pigeons or the gnawing behavior in rats as 
part of the stereotypies can be considered as results of such an 
instinctive drift. Somehow the stimulation of reinforcing 
systems leads also to the elicitation of instinctive behaviors. As 

* In the following the terms terminal behavior, species-typical behavior and species 
specific behavior will be replaced by the term instinctive behavior (sec chapter 8, 
p. 108 for the meaning of this term) 
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reviewed by Ghckman and Schiff (1967) there is a very strong 
connection between the stimulation of reinforcing systems, 
either by primary reinforcers or by electrical stimulation, and 
the ehcitation of species-tvpical behavior* 

The above reasoning can also be read the other way around. 
Starting from the theoretical proposition of Ghckman and 
Schiff that reinforcing pathways are actually those pathways 
that activate neural pathways regulating instinctive behaviors, 
one can expect that reinforcement by apomorphine is coupled 
with a display of instinctive behaviors. If the reinforcement is 
not continuous but sawtooth-like and weaker such as in the 
superstitious behavior paradigma or after prolonged conditio
ning then the underlying instinctive component will only 
become overt as terminal response or instinctive drift 
(Figure 3-4). Finally, if the reinforcing stimulation by secun-
dary reinforcers is still weaker, as is usual in the operant con
ditioning paradigmas, the instinctive behaviors will only appear 
after the presentation of the primary reinforcer as consum-
matory behavior. Yet, the instinctive mechanisms are in ope
ration since the topography of underlying instinctive behaviors 
strongly influence the rate of learning of a particular operant 
response (Bolles, 1970). In the last chapter we will discuss a 
global neural model that visualizes these mechanisms. 

One final remark is necessary. A recent review is interpreting 
the incorporation of learned components into the stereotyped 
behavior in terms of a tendency to perseverate (Lyon and 
Robbins, 1975). Of course the continuous operation of a rein
forcing mechanism will induce a perseveration of the behaviors 
that are performed by the animals. Yet, these interpretations 
are not equivalent. An explanation in terms of reinforcement 
implies in addition to a mere perseveration that some more or 
less permanent changes are brought about within the nervous 
system such that the behaviors that are repeated on a first 
session will most likely be the ones repeated in later sessions as 
is seen in superstitious behavior expenments. All literature data 
as well as our own results are in agreement with this impli
cation. The dogs, cats and monkeys with their own individually 
characteristic stereotypy display the same stereotypy on a 
second occasion (Ellmwood, 1971, Nymark, 1972, Rotrosen et 
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Fig. 3-4: Illustration of a possible relation between the intensity of rein
forcing stimulation and the elicitation of instinctive behaviors in 
three different cases: 1. the apomorphine treated animal, 2. the 
superstitious and/or overtrained animal, 3. the normal animal 
performing a reinforced operant response. The intensity of the 
reinforcing stimulation waxes and wanes by the influence of 
secondary and primary reinforcers. 
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al., 1972; Shintomi et al., 1975). In the same vein our results 
and those of Weismann (1966) and Butcher (1968) show that 
the effects on lever-pressing behavior are individually repro-
ducable. This implies that the reinforcing action of the drug 
attaches some significance to the stimuli in the environment so 
that the response can be performed as a conditioned response if 
all cues including the stimuli from the proprioceptive feedback 
and those stimuli connected with secondary actions of the drug 
are present (Cools et al., in press). The influence of these 
environmental stimuli could be observed without the drug on 
following days. Dorr et al. (1970) reported that a dose-response 
curve for the behavioral effects of an amphetamine-chlordiaze-
poxide mixture on a hole-board could be reproduced qualita
tively a few days afterwards without any treatment just by 
placing the same animals again into the same environment. In 
the words of Rushton et al. (1968), who discovered this pheno
menon: 'One way of describing the behaviour or our rats would 
be in terms of a learnt drug response. The experience of a new 
environment under the influence of the drug mixture may have 
been rewarding [ . . . ] and so the rats learnt to maintain high 
activity'. 
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CHAPTER 4 INTRANEOSTRIATAL HALOPERIDOL 
AND MORPHINE ON SELF-STIMULATION: DOPAMINE 
AS TRANSMITTER OF MOTIVATION? 

SECTION A: HALOPERIDOL 

Haloperidol is known to depress self-stimulation behavior in 
dosages from 0.04 mg/kg or higher (Dresse, 1966; Rolls et al., 
1974; Wauquier and Niemegeers, 1972). With such dosages of 
0.04-0.1 mg/kg haloperidol only blocks the dopaminergic recep
tors effectively and specifically (Andén et al., 1970). It would 
therefore be informative about the role of the dopaminergic 
system in the maintenance of self-stimulation behavior if we 
could find out whether the effects of haloperidol can in 
addition to a blockade of the reinforcing effects be ascribed to a 
blockade of the motivation for self-stimulation behavior. As 
discussed in chapter 2 it is extremely difficult to measure separa
tely these two factors behaviorally. Particularly if we also would 
have to consider the possibility that a drug is affecting both. 

In principle, we can utilize any property that happens to be 
different in the two processes as a tool to measure at least one 
of these processes independent of the other. One such poten
tially useful property is that the reward effect is usually delive
red by an electrode placed unilaterally into the brain. Thus, 
with dopaminergic transmission of the reinforcer this is a 
process that remains within one hemisphere at least until the 
postsynaptic dopamine receptor is stimulated. This supposition 
is based on the results of Murzin and Roth ( 1976) who found 
that electrical stimulation of one dopaminergic tract in 
anesthetized animals leads to a marked change in the dopamine 
utilization at the stimulated side of the brain and leaves the 
dopamine utilization at the other side unchanged. Neuro-anato-
mical observations revealed that the dopaminergic fibers project 
rostrally a.o. towards the caudate nucleus and nucleus accum-
bens without crossing the midline to a significant extent 
(Ungerstedt, 1971; Lindvall and Björklund, 1974). Thus, inter
ference with the rewarding transmission within the dopami
nergic pathway without interfering with motivation or other 
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more general functions is expected to be deleterious to the 
performance of self-stimulation if and only if the interference is 
made ipsilateral to the stimulating electrode. On the other hand, 
suppose an intact functioning of the dopaminergic system is 
essential to maintain the stimulation independent motivational 
or arousal capabilities to perform an operant task. In that case 
there is a good chance that this motivating activity is equally 
present and functional in both hemispheres. Consequently, the 
effects of a unilateral interference with general arousal or moti
vational mechanisms will not depend on an ipsi- or contralateral 
position of the electrode. 

Based on these considerations we have applied microinjections 
of haloperidol into the neostriatum both ipsilateral and contra
lateral to the self-stimulation electrode. 

The caudate nucleus was chosen for this experiment, because 
it contains the highest concentration of dopamine and contains 
an extremely low concentration of noradrenaline. In addition 
some injections were made into the nucleus accumbens, another 
nucleus with a major dopaminergic innervation from the AIO 
cell group. The dopaminergic fibers were stimulated within the 
ventral tegmentum near the cell groups A9 and AIO. 

METHODS 

Male albino rats of 200-250 g were stereotaxically implanted 
with one or two stainless steel cannulas and a bipolar twisted 
stainless steel electrode. The electrodes were aimed at the 
ventral tegmentum where the dopaminergic cell groups A9 and 
AIO are located. The first group of rats received a cannula 
directed at the neostriatum; the second group a cannula direc
ted at the nucleus accumbens and the third group a cannula 
placed above the lateral ventricle. In these groups cannulas were 
placed ipsilaterally to the electrode. The fourth group consisted 
of rats provided with one cannula aimed at the neostriatum in 
the hemisphere contralateral to the electrode. The fifth group 
of rats had cannulas placed bilaterally into the neostriatum. The 
co-ordinates used for the electrodes were A 2.9; L 0.9 and 
D -3.2 using the reference point defined by König and Klippel 
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(1963). The ventricular cannula was placed 1.5 mm above the 
injection target A 9.0; L 1.2 and D 1.7 mm. The accumbens 
cannulas were placed 0.5 mm above the point A 10.0; L. 1.1 
and D -1 .8 . The neostriatal cannulas were placed 1 mm above 
the point A 8.7; L 3.0 and D -0 .9 . Thus, in order to reach the 
injection target the injection needle extended 0.5 to 1.5 mm 
below the tip of the inner plug of the cannula. Preliminary 
implantations have shown these co-ordinates to be suitable for 
stimulation of the indicated regions. The sites that were 
achieved are given in table 4-2 of the results section and refer to 
the atlas of König and Klippel (1963). The cannula that was 
used consisted of a stainless steel tube with an outer diameter of 
0.8 mm and a closely-fitting inner plug which extended 0.5 mm 
below the tip of the outer cannula. It was not fixed to the outer 
cannula by a screwthread but it was sticked to it with a drop of 
latex. In this way the plug could quickly be removed without 
turning. The latex was protected from removal by the rat by a 
wall of dental cement that was made during the operation. 
Further details on the operation, the general procedures and 
methods of self-stimulation were described in chapter 2. 

Chemical infection 
The freshly prepared solutions were injected with a 5 μΐ 

Hamilton syringe with an adjustable screw on the needle 
(31 gauge) such that the solution could be deposited some 
predetermined distance beyond the tip of the cannula. The 
solutions were applied in a volume of 1 μΐ for the unilateral 
experiments and in volumes of 0.5 μ\ into each side for the 
bilateral experiments. Haloperidol (Janssen Pharmaceutica, 
Belgium) was administered in a 5% lactic acid solution with a 
pH of 4.5. Control injections were made with a solution of 5% 
lactic acid made up to pH 4.5 with NaOH. Each rat was injected 
twice, once with the experimental drug and once with the control 
solution. Half of each group received the control solution first 
and half the experimental drug first. Injections were spaced at 
least one week. 

Procedure 
As in the previous experiments the rats were trained and 
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tested with different current intensities during daily 90 minute 
sessions. In addition during the last three days they were 
familiarized with the injection procedure. 

A drug effect was determined on submaximal lever-pressing 
rates after a minimal period of 30 min of baseline responding. 
The baseline lever-pressing rates used, ranged from 30-80 
responses per minute. After the baseline period the animal was 
picked up and disconnected from the electrical wire. The 
injection proper lasted about 5 seconds during which time the 
animal was kept motionless by a grip on the skin of the neck. 
The rats were immediately connected again and placed into the 
self-stimulation cage. A few priming stimulations were given to 
facilitate immediate resumption of responding. The number of 
responses made between the 4th and the 32nd minute was used 
to calculate the injection effect. Drug effects are expressed as a 
percentage of the baseline rate, which was measured in the half 
hour period preceding the injection. Before the experimental 
sessions were started an initial saline injection was given which 
was not used for comparison with drug injections in order to 
exclude possible 'first lesion' effects. Two-tailed t-tests were 
used to evaluate the statistical significance of the results. 

The rats were sacrificed with an overdose of pentobarbital and 
perfused with a 10% formaldehyde solution. The electrode and 
cannula positions were determined by comparison of brain 
slices with the sections drawn in the atlas of König and Klippel 
(1963). 

RESULTS 

5 ßg of Haloperidol injected into the ventricular system resulted 
in a depression of the lever-pressing rate to 71% of the baseline 
rate (fig. 4-1). Unilateral injections of 5 μg haloperidol into 
the ipsilateral nucleus accumbens or neostriatum depressed the 
lever-pressing rate to a similar extent. The results are sum
marized in table 4-1. Also if haloperidol was injected into the 
neostriatum contralateral to the electrode a depression towards 
62% of the baseline rate was observed. None of the results 
obtained with the unilateral injections was significantly diffe-
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Fig. 4-1 : Cumulative record of lever-pressing for brain stimulation into the ventral tegmental area showing the 
depressant effect of bilateral haloperidol injections into the neostriatum. A downward deflection indicates 
a delivery of the electrical reinforcer. 



Dosage and drug Injection site 

5 μg halopendol 
+ 5μg lactic acid 

5 /xg halopendol 
+ 5μg lactic acid 

5 μg halopendol 
+ 5μg lactic acid 

5 μg halopendol 
+ 5μg lactic acid 

2 x 2,5 ßg 
halopendol 
+ 2 χ 2,5 μg 
lactic acid 
0 

ventricle 

nucleus accum-
bens 
ipsilateral to the 
electrode 
neostriatum 
ipsilateral to the 
electrode 
neostriatum 
contralateral to 
the electrode 

neostnatum 
bilateral 

Effect ± S Ε M 
m % of the baseline 
rate (number of 
animals used) 

71 ± 8 % ( 1 0 ) 4 ) 

Effect of 
5% lactic acid 
only 

95 ± 8% 

60 ± 8%(13)
l)
 113+ 10% 

70 ± 6%(15)
: 

62 ± 10% ( 5) 

42 ± 8%( 6) 

3) 

О 

2) P<001. 3) Ρ < 0 02. 

98 ± 7% 

105 ±10% 

97 + 7% 

P<0 05 Ρ < 0.001. 

Table 4-1 The effects of halopendol injections into the ventricular 
system, the neostriatum and the nucleus accumbens on self-
stimulation with electrodes implanted into the ventral 
tegmentel area 

rent from the results obtained with the ventricular injections, as 
evaluated with a two-tailed Student's t-test. 

The most effective depressions were observed in experiments 
in which halopendol was injected into the neostnatum of each 
hemisphere (bilateral injections) In these experiments 2.5 μg 
halopendol was injected into each neostnatum. The lever-
pressing rate was reduced to 42±8% of the baseline rate (see 
table 4-1 and figure 4-1). The decrement induced by these 
bilateral injections into the neostriatum was stronger than the 
decrement induced by unilateral injections into the neostnatum 
(P<0.05, two-tailed t-test) and also stronger than the decrement 
induced by injections into the ventncular system (P<0.02). 

The above descnbed effects on self-stimulation were not due 
to the low pH or the lactic acid content of the solution, since 
the control solution of lactic acid was without effect on self-
stimulation (table 4-1). 
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A further analysis of the data indicated that there was no 
correlation between the baseline lever-pressing rate and the de
pressant effect of haloperidol (Kendall's rank correlation proce
dure; r = 0.15). 

The positions of the electrode tips and the sites of injections 
that were achieved are given in table 4-2 (Fig. 4-2 and 4-3). The 
data were grouped since we have not found any systematic 
correlation between particular electrode or cannula positions 
and the individual drug effect. For example when rats having one 
cannula into the unilateral neostriatum werepartitionedinagroup 
with small haloperidol effects, arbitrarily defined as effects > 80% 
of the baseline rate, and in a group with large haloperidol effects, 
arbitrarily defined as effects < 60% of the baseline rate, then the 
former group had the cannula placed in the area A 7.8+0.4; L 
2.5±0.2 and D 0.1 ±0.8 and the latter group had cannulas placed in 
the area A 7.8±0.4; L 2.3+0.7 and D 0.5±0.6. Thus, a complete 
overlap is seen. Within the group of rats implanted into the 
nucleus accumbens or implanted bilaterally into the neostria
tum a similar anatomical overlap in 'sensitive' and relatively 
'insensitive' cannula placements was seen. 

Site Ant. Lat. Depth 

Electrode in ventral 1.6 ± 0.2 0.9 ± 0.3 - 2 . 6 ± 0.3 
tegmentum 

Cannula in nucleus 9.2 + 0.3 1.0 ±0.1 -1 .1 ± 0.5 

accumbens 

Cannula in the neostriatum 7.8 ± 0.4 2.4 ± 0.4 0.2 + 0.3 

Cannula in the ventricle 7.5 ± 0.4 1.1+0.1 - a 

a The depth of the ventricular injections can only be inferred from the 
cannula tip position and the injection depth, since the needle does not 
leave tracks in the ventricle. 

Table 4-2: Quantitative data on the location of the electrodes and the 
sites of injection. The histological results are expressed in the 
co-ordinate system of the atlas of König and Klippel (1963). 
Means ± standard deviation of the individual co-ordinates are 
given. 
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L 2590 μ 
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Fig. 4-2: Schematic indication of the area in which the chemical injec
tions into the nucleus accumbens were applied (shaded area). 
The figures are redrawn from König and Klippel (1963). For 
abbreviations see p. 7. 
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Fig. 4-3: Schematic indication of the area in which the chemical 
injections into the nucleus accumbens were made (shaded area). 
The figures are redrawn from König and Klippel (1963). For 
abbreviations see p. 7. 

58 



DISCUSSION 

Two aspects of the present results are of special interest. In the 
first place there is the very small amount of haloperidol that 
was needed with injections into the neostriatum to mimic the 
effects of haloperidol known to occur after peripheral injec
tions. The effects obtained cannot be ascribed to diffusion 
towards other brain sites via the ventricular system since injec
tions of the same amount made directly into the ventricular 
system were less effective. Costali et al. (1972) also observed 
with a much higher dosage that intrastriatally applied haloperi
dol did not diffuse out of tne neostriatum within the 
30 minutes following injection. Also, the latency time for the 
effect was in the order of one to a few minutes. This allows us 
to ascribe the effects obtained with bilateral injections to an 
effect of haloperidol within the neostriatum. It is a confir
mation of the generally supported view that haloperidol is 
strongly influencing the processes within the neostriatum 
probably by preventing the access of dopamine to particular 
dopamine receptors (Cools, 1971, 1973). The very low dosage 
that was needed in these experiments stresses the importance of 
self-stimulation behavior as method to evaluate the effects of 
manipulations within the neostriatum on behavioral processes. 

The second point to be discussed is that injections of 
haloperidol in both hemispheres are significantly more effective 
than ipsilateral injections even though each hemisphere is recei
ving only half of the dosage that is applied in the unilateral 
experiments. The involvement in the maintenance of self-sti
mulation behavior of the neostriatum contralateral to the elec
trode is demonstrated by the effectiveness of contralateral injec
tions of haloperidol. As explained in the introduction these 
results support the interpretation that the depression caused by 
locally applied haloperidol is due to an interference with moti
vational, motor or arousal mechanisms rather than to a direct 
diminishment of the rewarding effects of the electrical stimu
lation. However, it should be mentioned here that the possi
bility that the effects are caused only by an effect on the 
reward is not excluded with 100% certainty. This would imply 
that the excitation by the electrical stimulation is somehow 
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passed to the other side of the brain and triggers there the 
dopaminergic synapses (e.g. Mensah and Deadwyler, 1974). It 
would also imply that these crossing fibers are not functional 
under anesthesia in view of the results of Murzin and 
Roth (1975), who reported a lateralized effect on the dopamine 
turnover after unilateral stimulation. In this respect it is of 
interest that ether anesthesia does not affect self-stimulation 
behavior as long as the response to be performed (head 
turnings) is not affected (Lörcher et al., 1974). Therefore our 
interpretation is maintained as the most parsimoneous inter
pretation. 

It is difficult to decide on the basis of the present results 
whether the effects can be ascribed to an arousal, a motor or a 
motivational deficit. Since the injections were made into the 
neostriatum this question is connected to the problem of the 
function of the neostriatum. It is equally difficult to decide 
whether this nucleus is involved in arousal, motivation or motor 
functions. Also a semantic issue will arise since the demarkation 
between motivational systems on the one hand and arousal and 
motor systems on the other hand is not clearly delineated. Since 
we are probably dealing with the dopaminergic system, which 
also mediates reinforcing effects as discussed inchapter2,I 
prefer to label the observed deficit as a motivational one. But, 
whatever label is given to the deficit it will have to be ex
plained how a pathway such as a dopaminergic tract can both 
mediate rewarding activity as well as the activity labelled here as 
motivational. An explanatory model for self-stimulation with 
such a theoretical consequence will be discussed in chapter 8. 

At about the same time as the present results were published 
an experiment that was based upon the same principles was 
reported by Phillips, Carter and Fibiger (1976). In their experi
ment the electrode was placed within the caudate nucleus and 
injections of the neurotoxic drug 6-OH-dopamine were made 
into the cell groups A9-A10 either ipsilateral or contralateral to 
the electrode. 6-OH-dopamine is known to destroy selectively 
those neurons that contain noradrenaline or dopamine as 
neurotransmitter. Their experiment has the advantage that the 
changes made with the neurotoxic drug are measurable over a 
longer period and that the course of recovery can be followed 
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daily. As in agreement with our results they found that during 
the first days after the injection the contralaterally treated 
group had an equally serious depression of self-stimulation 
behavior as the ipsilaterally treated group. During the weeks 
that followed, however, it was seen that the group with contra
lateral injections steadily recovered from the depression whereas 
in the ipsilaterally treated group recovery was slow or absent 
Thus, in accordance with the above presented considerations 
they observed in one and the same experiment both the effect 
on the involved motivational process as well as the effect on a 
stimulation induced process such as the reinforcement. 

In both our experiment as well as the expenment reported by 
Phillips et al. there is still a remote possibility that the obtained 
deficits were not the result of destruction or interference with a 
dopaminergic pathway but that an interference with the sparse 
noradrenergic innervation of the neostriatum was responsible. 
In our expenments this was only made unlikely by the use of 
the rather specific DA receptor blocker halopendol. Yet, an 
effect on noradrenaline receptors was not excluded with 
certainty in our expenment (Andén et al., 1970). This problem 
was dealt with in another expenment published in the same 
penod by Neill, Parker and Gold (1975) who applied 6-OH-
dopamine into the neostriatum. They found that bilateral injec
tions of 6-OHDA into the neostriatum reduce the self-stimu
lation with hypothalamic electrode implants. Although in this 
experiment no attempt was made to separate stimulation 
related effects from other effects the result is in agreement with 
our results In addition Neill et al. showed that the depression 
can be reinstated by dopamine injections and not by noradrena
line injections, thus establishing the importance of a dopami
nergic involvement in the above discussed type of expenment. 

The hypothesis of a dopaminergic mediation of both rewarding 
and motivating effects is consistent with results obtained from 
purely behavioral observations. Changes in the self-stimulation 
behavior that can be considered as motivational, affect the 
operant response immediately even before a reinforcing stimu
lation is delivered On the other hand, those manipulations that 
affect the reinforcing effects of the electrical stimulation change 
the operant response only gradually, after several reinforcing 
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stimulations are delivered (Gallistel et al., 1974). Thus, agents 
that interfere with the dopaminergic transmission might be 
expected to produce an extinction curve because of an inter
ference with reinforcement but only if the behavior is not 
already totally inhibited owing to an interference with the 
motivation for the behavior. Indeed, both these effects are 
observed. Fouriezos and Wise (1976) measured an extinction 
curve in animals under the influence of 0.5 mg/kg pimozide, a 
potent and specific dopamine receptor blocker, whereas Fibiger, 
Carter and Phillips (1976) report an immediate total suppression 
of the self-stimulation behavior with 0.08 mg/kg haloperidol. 
The different results are probably based upon small procedural 
differences and do not need to be in conflict in view of the 
above mentioned considerations. 

In direct opposition to the double function hypothesis 
proposed above is the hypothesis of Deutsch and 
Howarth (1963) that the self-stimulation electrode is always 
stimulating two separate pathways whereby one pathway 
mediates the motivating stimulation and the other mediates the 
reinforcing stimulation. The evidence for this aspect of their 
theory is, however, not impelling enough to reject our own 
hypothesis. The whole burden of proof for their hypothesis 
rests upon the measurements of refractory periods of the two 
putative pathways. Indeed, it is convincingly demonstrated that 
the running speed towards a lever for self-stimulation is increased 
by an electrical stimulation delivered in the start box (Gallistel 
et al., 1969). The parameter requirements of this electrical 
stimulation are different from the requirements for the rein
forcing stimulation. However, this does not prove that the fibers 
of which the activation increases the running speed are neces
sary for self-stimulation behavior. It may even be that the fibers 
facilitating running behavior are also able to support self-sti
mulation behavior on their own. This is indicated by the results 
of White (1976) who showed that self-stimulation in which a 
running response is required, is reinforced by pathways partly 
different from those reinforcing self-stimulation behavior with 
lever-pressing as the operant response. Another alternative 
explanation for the effectiveness of the electrical stimulation in 
the start box is that this stimulation acts as a signal for the 
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presence of the reinforcing stimulation in the start box. It is 
well-known that signalled brain stimulation is highly preferred 
by rats in a choice situation (Steiner et al. 1969; Cantor, 1971). 
Thus, it may even be that electrical stimulation anywhere in the 
brain will acquire a motivating effect if it is always paired with 
the reinforcing stimulation. A more detailed analysis of the 
importance of the signal function of preceding electrical stimu
lations in the self-stimulation phenomenon in presented by 
Trowill, Panksepp and Gandelman (1969). In chapters we will 
discuss how the double function of a dopaminergic pathway can 
be fitted in their incentive theory of brain stimulation reward. 

SECTION B: MORPHINE 

The sensitivity of the self-stimulation behavior to an inter
ference with dopaminergic transmission by intraneostriatal 
injections prompted us to evaluate with this method the hypo
thesis of Wand, Kuschinsky and Sontag (1973) and Puri, Reddy 
and Lai (1973) that morphine can interfere with the dopami
nergic transmission within the neostriatum. As supportive 
evidence for this hypothesis these authors pointed out that 
morphine in doses greater than 5 mg/kg is known to induce a 
state of immobility called catatonia in rats (Winter and 
Flataker, 1957; Stille, 1971). Concomitantly with the depres
sant phase morphine induces a hyperexcited state of the 
caudate nucleus (Stille, 1971) and an increase in the concentra
tion of homovanillic acid, a metabolite of dopamine 
(Kuschinsky and Hornykiewicz, 1972; Ahtee and Kaäriäinen, 
1973). The drug is able to antagonize the apomorphine stereo
typy (Puri et al., 1973) and, in the turning model, it induces 
asymmetry in the body posture towards the side with a lesioned 
dopaminergic system (Fuxe and Ungerstedt, 1970). Several of 
these actions are similar to the action of dopamine receptor 
blockers. If morphine is interfering with the dopaminergic trans
mission by an action within the neostriatum it can be expected 
that intraneostriatal morphine injections depress self-sti
mulation behavior. This was tested in the experiments described 
underneath. 
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METHODS 

All experimental procedures were the same as in the haloperidol 
experiments. Morphine HCl, dissolved in saline, was applied in a 
volume of 1 pi for unilateral injections or in 0.5 μΐ for bilateral 
injections. Four groups of rats were prepared. Cannulas were 
placed unilaterally into the neostriatum, the nucleus accumbens 
and the lateral ventricle and bilaterally into the neostriatum. 
Dosages used for the injections were determined in preliminary 
experiments. 

RESULTS 

The lever-pressing rate was strongly suppressed by 5 pg 
morphine hydrochloride applied into the ventricular system 
(table 4-3). Ipsilateral injections of 10 pg of the drug into the 
nucleus accumbens decreased the lever-pressing rate to only 70 
+ 18% of the baseline rate. With injections into this nucleus 
there was a latency of 8 minutes before the lever-pressing rate 
attenuated. No such latency was seen in any of the other experi
ments with either haloperidol or morphine. 

Effect ± S.E.M. 
ш % of the baseline rate Effect of 

Dosage Injection site (number of animals used) saline 

20 μ 8 neostriatum 105+ 13% ( 7 ) 103+ 8% 
ipsilateral to the electrode 

2 x l 0 p g neostriatum 1 0 6 ± 1 4 % ( 6) 9 6 + 6% 
bilateral 

lOpg nucleus accumbens 7 0 ± 1 8 % ( 1 0 ) 106± 11% 
ipsilateral to the electrode 

Spg ventricle 32 ± 1 1 % * (10) 103+ 8% 

* Ρ < 0.001 

Table 4-3 The effects of morphine injections into the ventricular system, 
the neostriatum and the nucleus accumbens on self-stimulation 
with electrodes implanted into the ventral tegmental area. 
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No effects were seen after injections into the neostnatum of 
20 ßg morphine unilaterally of 10 Mg bilaterally. 

The localizations of the electrode and cannula positions were 
in the same area as indicated in table 4-2 of section A (Fig. 4-2 
and 4-3) 

DISCUSSION 

In contrast to halopendol, morphine in a dosage of 20 ¿ig did 
not have any depressant effect when injected into the neostria
tum neither after unilateral nor after bilateral injections. On the 
other hand, 5 ßg of the drug injected into the ventricular system 
had a strong depressant effect. In view of the latency time of 
8 mm., the smaller depressant effect after injections of an inter
mediate dosage into the nucleus accumbens is probably due to 
diffusion towards the ventricular system. From these data it 
seems warranted to conclude that the behavioral depression 
seen after peripheral administration of morphine is not due to a 
direct effect within the neostriatum. 

With lesion experiments Costali and Naylor (1973, 1974) 
arrived at the same conclusion. They described that lesions 
within the neostriatum were without effect on the morphine 
catatonia and lesions within the amygdaloid nucleus effectively 
antagonized the catatonia. As mentioned in the introduction to 
these experiments morphine increases the concentration of 
dopamine metabolites within the neostriatum. In view of the 
present results this phenomenon cannot be explained by a 
blockade of the dopamine receptors. In addition the pheno
menon is hard to explain on the basis of an interference with 
dopaminergic transmission within the synapse since no func
tional interference could be observed The results therefore 
open the possibility that the increased dopamine metabolism is 
caused by a functional increase of the dopamine utilization Thus, 
morphine may actually stimulate the dopaminergic system by an 
action elsewhere in the brain In chapter 7 a localization study 
will be presented which indicates where in the brain morphine 
can initiate such a dopaminergic stimulation 
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CHAPTER 5 INTRACEREBRAL AMPHETAMINE AND 
SELF-STIMULATION 

The knowledge on amphetamine's ability to release dopamine 
from the nerve terminals or to inhibit the reuptake of dopamine 
into the terminals belongs at the moment to the hard core of 
psychopharmacology. The evidence rests upon measurements of 
dopamine uptake and release from brain slices, on the results 
with the so-called turning models, on the results with direct 
intracerebral injections in cats and on a massive amount of 
behavioral data (Chiueh and Moore, 1975; Cools, 1971, 1973; 
van Rossum, 1970). It is supposed that the induction of stereo
typy in rats by amphetamine is based on the actions on the 
dopaminergic system. This knowledge and the knowledge on 
the dopaminergic mediation of reinforcing stimulation implies 
that amphetamine owes its reinforcing properties at least partly 
to its dopaminomimetic action. 

In addition, from the discussion in chapter 2 the impression 
was obtained that the increasing effect of amphetamine on self-
stimulation behavior is related to the site stimulated by the 
electrode. Literature data are available which show that the 
potency difference of d- and 1-amphetamine covary with the 
anatomical substrate stimulated (Phillips and Fibiger, 1973; 
Phillips et al., 1975; Goodall and Carey, 1975; Ellman et al., 
1976). Therefore, if we stimulate the nigroneostriatal tract it is 
to be expected that microinjections of amphetamine into the 
neostriatum ipsilateral to the electrode will be able to increase 
the self-stimulation behavior to the same extent as systemic 
injections do. We have performed this experiment because a 
further confirmation of the relation between amphetamine 
effects and the self-stimulation site is certainly not superfluous. 
Moreover the opportunity was used to study a possible differen
tiation within the dopaminergic system in relation to self-stimu
lation behavior. For this purpose we have performed micro
injections into the nucleus accumbens since the electrodes, 
placed into the ventral tegmental area, will certainly stimulate 
the fibers of the cell group AIO too (Arbuthnott et al., 1970). 
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This cell group is located around the interpeduncular nucleus 
and sends a main projection towards the nucleus accumbens 
(Ungerstedt, 1971 ; Lindvall and Björklund, 1974). 

Other fibers that will be stimulated by the electrode are 
noradrenergic fibers that terminate within the hypothalamus 
and other diencephalic nuclei. In the experiments with 
unilateral injections we have therefore also included a group of 
rats with cannulas into the antero-lateral hypothalamic area. 

METHODS 

Six groups of rats were prepared. Single cannulas were implan
ted into the nucleus caudatus, the nucleus accumbens, the 
anterior hypothalamus and the lateral ventricle. The co-ordinates 
used for the anterior hypothalamus were A 6.8; L 1.0 and 
D-2.9. In this group of rats the cannula was placed 0.5 mm 
above the target. Bilateral cannulas were implanted into the 
neostriatum and the nucleus accumbens. The cannulas into the 
nucleus accumbens were implanted at an angle of 10° with the 
midsagittal plane. The drug used was dexamphetamine chloride. 
The treatments were spaced at least 2 days apart and an initial 
saline injection was given in order to exclude possible 'first 
lesion' effects. The injections were given in order of ascending 
dosage starting with a second saline injection. The results were 
statistically analysed using Mann-Whitney U-tests. The 
amphetamine solution was applied in a volume of 1 μΐ for uni
lateral experiments or 2 χ 0.5 μΐ for bilateral experiments. The 
injections were made after a minimal period of 30 min of base
line responding. 

The number of responses made between the 4th and the 32nd 
minute was used to calculate the injection effect. 

All further details about the experiments were the same as 
described in chapters 2 and 4. 
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RESULTS 

Unilateral injections 
Results obtained using the 10 ^g dose of dexamphetamine show 
that unilateral administration into the nucleus accumbens 
results in a statistically significant increase in the self-stimu
lation rate (table 5-1). 

area Ant.Hypothal. Ventricle Accumbens Neostriatum 

Treatment 

Saline 90 ± 1 0 ( 8 ) 98 ± 6 (9) 101 ± 9 ( 7 ) 98 ± 7(7) 

10 Mg 100 ± 1 6 ( 8 ) 120 ± 4 (9) 142 ± 1 1 * (7) 69 ± 20 (6) 
20 μΕ 147 ± 9* (7) 63 ± 20 (6) 
lmg/kgi.p. 190 ± 2 0 * (6) 

Table 5-1 The effects of unilateral dexamphetamine injections into the 
anterior hypothalamus, the ventricular system, the nucleus 
accumbens and the neostriatum on self-stimulation with elec
trodes implanted into the ventral tegmental area. The figures 
represent the post-in/ection self-stimulation rate as percentage 
of the baseline rate. (Number of animals). * Ρ < 0 05, two-tailed 
Mann-Whitney U-test 

Applications into the neostriatum tended to depress the self-
stimulation rate. However, with these same rats very high self-
stimulation rates were observed following systemic injections of 
1 mg/kg d-amphetamine. Although not measured quantitatively, 
some circling behavior towards the side contralateral to the 
injection was observed during short interruptions of the lever-
pressing behavior in the neostnatal group. 

After increasing the unilateral dose administered to the 
nucleus accumbens to 20 μg no further increase in the self-
stimulation rate was observed. The results show that, with 
unilateral injections into the nucleus accumbens, about 150% of 
the baseline performance is reached, which is far below the 
190% obtained after systemic injections of 1 mg/kg. 

Bilateral injections 
Table 5-2 demonstrates that bilateral injections increase the 
self-stimulation rate much more effectively (Fig. 5-1). The 
increase following bilateral injections into the nucleus accum-
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Fig. 5-1. Cumulative records of lever-pressing for brain stimulation into the ventral tegmental area showing the increa
sing effect of bilateral amphetamine injections into the nucleus accumbens. A downward deflection indicates 
a delivery of the electrical reinforcer. 



Treatment Accumbens Neostriatum 

110± 10 
224 ± 4 7 a 

221 ± 27 a - b 

(9) 
(9) 
(9) 

102 ± 12 
154 1 2 4 
1 8 0 ± 2 9 a 

2 1 2 ± 2 1 a 

(8) 
(8) 
(8) 
(8) 

Salme 
2 χ 2.5 Mg 
2 χ 5 μ β 

2 χ 20 μι 

Table 5-2 The effects of bilateral dexamphetamine injections into the 
nucleus accumbens and the neostriatum on self-stimulation 
with electrodes implanted into the ventral tegmental area The 
figures represent the post-mjection self-stimulation rate as 
percentage of the baseline rate The standard error of the mean 
is indicated, a: Significantly different from controls, Ρ KO 05, 
two-tailed Mann-Whitney U-test b. Significantly different from 
the effect of 10 ¡Jg amphetamine injected into the ventricle, 
P<0 05, two-tailed Mann-Whitney U-test 

Stimulated area 

Ventr tegm. 
(electrode) 

Accumbens 
(iHiections) 

Neostriatum 
(injections) 

Antenor hypo
thalamus 
(injections) 

Ventricle 
(injections) 

Antenor 
mm 

1.7 

9.3 

8.3 

6.4 

7.85 

± 0.2 

±0 .3 

±0 .3 

±0 .3 

±0.45 

Lateral 
mm 

0.9 ± 0.2 

1.1 ±0 .2 

2.6 ± 0.3 

1 3 ± 0.2 

0 9 ±0.1 

Depth 
mm 

- 2 7 ±0.3 

- 0 7 ±0.45 

+0.5 ± 0 4 

- 1 . 2 5 ± 0 2 

+ 1.5 ±0 .3 

Table 5-3 Quantitative data on the location of the electrodes and the 
sites of injection. The histological results are expressed in the 
co-ordinate system of Kanig and Klippel (1963). Means 
± standard deviation of the individual co-ordinates are given. 
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Fig. 5 - 2 Schematic indication of the area in which the chemical injec
tions near and into the anterior hypothalamus were made 
(shaded area). The figures are redrawn from Komg and Klippel 
(1963) For abbreviations see p. 7. 
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bens is significantly different to the effect obtained with the 
same dose administered into the ventricular system (see 
table 5-1). Further, the injections into the neostriatum now 
result in a marked increase in rate and no circling behavior was 
observed. The neostriatal injections seem less effective although 
these differences are not statistically significant. We measured 
the effect of a high dose (2 χ 20 μg) in the neostriatum for 
comparison with the effects of 20 /jg in the unilateral experi
ments. With this dosage, unlike the unilateral condition, a 
further increase in rate was observed. 

In table 5-3 the average co-ordinates are given of the sites 
stimulated electrically or chemically in these experiments. The 
figures refer to the atlas of König and Klippel (1963) (see also 
fig. 4-2, 4-3 and, 5-2). 

The anatomical data are not presented individually because 
the variation is probably too small to be of real significance. 
Individual correlations between drug effects and stimulated 
areas, either chemically or electrically, were absent. No effect 
was seen with injections into the anterior hypothalamus. 

DISCUSSION 

Unexpectedly, the self-stimulation increasing effect that is 
observed after systemic injections cannot be reproduced with 
unilateral injections into the nucleus accumbens or neostriatum 
nor did we observe any increase after intrahypothalamic injec
tions. Bilateral injections, however, were quite effective. In 
chapter 4 it was explained that the uncrossed ascending 
dopaminergic system should produce side dependent effects if 
an effect is based on the potentiation of the direct effect of the 
electrical stimulation. Thus, we cannot conclude that the effects 
of amphetamine in these experiments are caused by a direct 
potentiation of the effects of the electrical stimulation. Again, 
as was argued in chapter 4 in relation to the effects of intrace
rebral haloperidol, the data obtained here indicate that the 
intracerebral amphetamine injections are increasing the self-
stimulation rate by increasing a form of bilaterally operating 
motivational activity in the brain. Yet, according to those 
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working with d- and 1-isomers of amphetamine there is a clear-
cut interaction between the effects of amphetamine and the 
anatomical substrate that is stimulated by the electrode. As 
described in the introduction to this chapter they found that 
amphetamine potentiates self-stimulation by an action on the 
dopaminergic system if the electrode is stimulating dopamin
ergic fibers, whereas amphetamine potentiates self-stimulation 
by an action on the noradrenergic system if the electrode is 
stimulating noradrenergic fibers. If the interpretarion of the 
d-1-amphetamine data is correct and if the present interpretation 
of the intracerebral amphetamine data also applies to peripheral 
injections, the consequence should be accepted that dopamin
ergic self-stimulation is maintained by a dopamine mediated 
motivation and that noradrenergic self-stimulation is mediated 
by noradrenaline mediated motivation. If the evidence on the 
particular involved neurotransmitters is not considered to be 
impelling enough one should at least accept that a particular 
kind of self-stimulation has its own particular pathway for 
mediating the motivation and that this pathway can be identical 
to the pathway mediating the reward. Thus, not only several 
pathways mediating reinforcement seem to exist but also several 
pathways that can alternatively mediate motivation seem to 
exist. For this reason the use of the term 'general motivational 
effects' is avoided in the present context to describe drug 
effects that cannot be ascribed to specific effects on the 
rewarding effects of the electrical stimulation. 

Another unexpected effect is the slight depression observed 
after unilateral injections into the neostriatum. A plausable 
explanation for this is the slight turning that is induced by 
unilateral intraneostriatal injection of amphetamine. Such an 
effect is in agreement with the classic effects of amphetamine 
on turning models (Fuxe et al., 1970; Cools, 1971). Bilateral 
injections into the nucleus accumbens and neostriatum pro
duced qualitatively similar effects. The stimulation of both 
systems led to an increase in the self-stimulation behavior. The 
effects with intraneostriatal injections were somewhat smaller if 
equal dosage effects are compared, but this may be due to the 
larger spread of the nigroneostriatal dopamine terminals over 
the neostriatum. Other experiments have shown that a clear 
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functionally different effect can be obtained from mani
pulations in the neostriatum or nucleus accumbens. Pijnenburg 
and van Rossum (1973) have discovered that a strong locomotor 
activity can be elicited by dopaminergic stimulation of the 
nucleus accumbens. The neostriatum has been shown to generate 
no such an activity after similar dopaminergic stimulation. It is 
supposed that this area is responsible for the gnawing behavior 
and the hunched position that is observed after dopaminergic 
stimulation by peripheral injections of apomorphine and amphe
tamine (Pijnenburg et al., 1975a, b; Kelly et al., 1975). It is not at 
all surprising that self-stimulation is not influenced differently by 
manipulations within these two dopaminergic terminal areas. As 
discussed in chapter 3 it is consistent with the theory of Glick-
man and Schiff (1967) that certain kinds of instinctive 
behaviors* are elicited by self-stimulation pathways as a neces
sary corrolary of reinforcement. Thus, whereas these two 
dopaminergic pathways can each induce different kinds of 
instinctive behaviors it is conceivable that they both support 
self-stimulation. 

It is recently discovered that within the dopaminergic fibers a 
distinction can be made between dopamine excitation 
mediating (DAe) pathways and dopamine inhibition mediating 
(DAj) pathways (Cools, 1972; Cools and van Rossum, 1976; 
Cools et al., 1976). These fibers, which can be distinguished on 
the basis of pharmacological and histological characteristics, 
innervate both the nucleus accumbens and the neostriatum. We 
have not been able to do experiments to study the role of these 
DAe and DAj systems in self-stimulation. It can only tentatively 
be stated that the DAe system is the one supporting self-stimu
lation because it is the DAe system that is involved in the phar
macological actions of apomorphine and neuroleptic drugs 
(Struyker Boudjer et al., 1974; Cools et al., 1976). 

The strong interaction between self-stimulation behavior and 
intraneostriatal and intra-accumbal injections of amphetamine is 
consistent with the notion that amphetamine's reinforcing 
property is to a large extent based upon an interaction with a 

* termed species-typical behavior by GUckman and Schiff. 
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dopaminergic system. Further evidence for this hypothesis is 
reported by Davis and Smith (1974, 1975) and Yokel and Wise 
(1975). In self-administration experiments it was shown that 
neuroleptic drugs such as pimozide or haloperidol has a typical 
effect on amphetamine self-administration. The lower dosages 
of the antagonist increase the amount of amphetamine self-
administered. This is interpreted as an attempt by the animals to 
overcome the blockade of the reinforcer mediating receptors by 
pimozide. Higher dosages of the antagonist completely suppress 
the self-administration behavior (Yokel and Wise, 1975). Davis 
and Smith (1974, 1975) devised a procedure to test whether 
this suppression of the self-administration of amphetamine 
is due to an inhibition of the operant response. By pairing a 
sound with amphetamine injections it was established that the 
sound acquires secondary reinforcing properties. This was tested 
a few days after the initial conditioning. Now, if a dopamine 
receptor blocker was administered before the session in which 
the amphetamine injections were paired with the sound it was 
demonstrated that the sound does not acquire secondary rein
forcing properties. Thus, the dopamine receptor blocker seemed 
to have blocked effectively the reinforcing effects of ampheta
mine. 
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CHAPTER 6 INTRACEREBRAL AMPHETAMINE AND 
APPETITE DEPRESSION 

In the previous chapter it was shown that amphetamine has 
powerful behavioral effects within the nucleus caudatus and 
nucleus accumbens Thusfar the possibility is not excluded that 
the action in these nuclei is also responsible for the well-known 
anorectic effects of amphetamine 

A number of studies point to the important role of the lateral 
hypothalamus as one site of action responsible for the 
amphetamine anorexia. Lesions in this area, which produce the 
well-known anorectic syndrome, attenuate the anorectic effects 
of amphetamine, i.e. amphetamine cannot add its anorexia to 
the lesion induced anorexia (Carlisle, 1964) Studies using local 
application of amphetamine similarly reveal that injections of 
lO^g or more into the lateral hypothalamus produce anorectic 
effects (Booth, 1968, Leibowitz, 1970, Blundell and Leshem, 
1973). In a study with a large number of unilateral ampheta
mine injections it was found that only injections into the lateral 
hypothalamus produce appetite suppressant effects (Leibowitz, 
1975a). The importance of this site seems further supported by 
the demonstration that local applications of dopamine receptor 
blockers or the ^-adrenergic receptor blocker propranolol can 
attenuate the effect of local as well as peripheral amphetamine 
injections (Leibowitz, 1975a, b). These antagonists are also 
known to attenuate the amphetamine anorexia if both drugs are 
administered systemically (Kruk, 1973, Frey and Schultz, 1973, 
Sanghvi et al, 1975) In view of the effective antagonism by 
dopamine receptor blocking drugs it can be suggested that some 
dopaminergic innervation into the lateral hypothalamus is 
involved in the anorectic amphetamine effects This suggestion 
is further substantiated by the observations reported by 
Holhster et al (1975) These authors found that 6-OHDA 
injections into the ventricle in combination with desimipramine 
attenuate the amphetamine anorexia Such a 6-OHDA-
desimipramine treatment is supposed to affect the dopaminergic 
fibers selectively It is not yet precisely known from where the 
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supposed dopaminergic innervation of this hypothalamic area 
originates. A recent study shows that lesions of the substantia 
nigra attenuate the anorectic effects of amphetamine (Carey 
and Goodall, 1975). So, maybe the fibers originate from this 
area. 

In the last mentioned study it was found that the unilateral 
destruction of dopaminergic fibers is a limiting factor in the 
production of amphetamine induced anorectic effects. In other 
words, the unilateral defect limits the capacity of the intact side 
to produce anorexia. Therefore, it may be argued that also in 
the intact animal amphetamine has to act bilaterally to produce 
powerful appetite suppressant effects. For example, it was 
shown in the previous chapter that for the occurrence of 
clearcut effects on self-stimulation amphetamine has to be 
administered bilaterally. However, the above discussed localiza
tion study by Leibowitz is performed with unilateral injections. 
Moreover, the dosage necessary for the anorectic effects of 
intrahypothalamic injections (10-20 Mg) seems rather high in 
comparison with the amounts needed for strong self-stimulation 
increments (2.5-5 ßg, chapter 5). Therefore, it is still possible 
that an additional site, that requires bilateral stimulation for an 
effective anorectic effect, is overlooked. Of course, this putative 
site should have similar dopamine related properties as the 
hypothalamic site discussed above; otherwise, it cannot account 
for the amphetamine anorexia as manifesting itself after 
systemic injections. 

In view of these considerations more data are needed to 
conclude that there are different sites of action of amphetamine 
for its effects on self-stimulation and appetite. Therefore in the 
following experiments the effect on food intake is studied of 
bilateral amphetamine injections into the neostriatum, nucleus 
accumbens and lateral hypothalamus. A stronger amphetamine
like effect can be obtained in the nucleus accumbens by 
injections of ergometrine. Local injections of this drug are 
known to produce a stronger locomotor activity increase than 
local amphetamine injections (Pijnenburg et al., 1973, 1976). It 
could therefore produce more distinct evidence concerning a 
possible dissociation between anorectic and locomotor 
stimulant effects. 
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METHODS 

Male albino rats of 200-250 g were stereotaxically provided 
with permanently implanted cannulas according to the 
methods described in previous chapters (4 and 5). The co
ordinates used were: (skull position and reference point accord
ing to König and Klippel (1963)) 

A L D < 
nucleus caudatus 8.7 3.0 -0.9 5° 
nucleus accumbens 10.0 1.1 -1.8 10° 
lateral hypothalamus 6.3 1.2 -3.1 10° 

One week after the stereotaxic operation the animals were 
habituated to the experimental procedure. The experiments 
were performed in the light period of the diurnal cycle of the 
rats. The appetite suppressant effects were measured in a 
30 minute test with cold cooked white rice as food. Macrolon 
cages (25 χ 32 χ 20 cm) similar to the cages in which the 
animals were housed in the course of the experiments were used 
as test cages. No bedding material was present in the test cages. 
Fifteen minutes before the 30 min test period the animals were 
placed into the empty cages with a water bottle but no food 
available. The 30 minute test period was started with the 
placement of a weighed petri disk with rice into the cage. Intra
cerebral amphetamine injections were made immediately before 
the 30 minute test period. 

Bilateral injections were made with a volume of 0.5 μΐ into 
each side of the brain. Amphetamine HCl was dissolved in 
saline. The injection methods were as described previously 
(chapters 4 and 5). Peripheral injections of 1 mg/kg ampheta
mine HCl were administered 15 minutes before the start of the 
test period. In one experiment ergometrine-maleate (Sigma) was 
injected into the nucleus accumbens in a dosage of 2 χ 1 μg 
dissolved in saline. This drug was injected 1 hour before the 
feeding test period. Also in these experiments the animals were 
placed into the test cage 15 minutes before the rice was 
presented. 

Injection experiments were started after the animals were 
accustomed to the procedure. The rats consumed a constant 
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amount of about 5 grams rice after about 5 habituation 
sessions. In the last habituation session the rats received the first 
injection with saline. 

Control and drug treatments were always performed at the 
same time with the same batch of food. Half of each group of 
rats received the saline control injection first. One day was 
spaced between the feeding tests. The statistical significance of 
the results was evaluated with a one-tailed t-test. 

The animals were killed with an overdose of pentobarbital and 
perfused with a 10% formaldehyde solution. The brains were 
sectioned and the slices were compared with the sections drawn 
in the atlas of König and Klippel (1963) to determine the site of 
cannula placement. 

RESULTS 

Injections of 10 jug amphetamine into the nucleus caudatus 
produces very clear suppressant effects on the food intake (Fig. 
6-1). This effect was considerably reduced with a second 
injection. Increasing the amphetamine dosage could not 
reinstate an effective appetite suppression. Yet, in the same 
animals a peripheral injection was still effectively reducing the 
food intake (Fig. 6-1). In a second group of rats the desensitiza-
tion was observed again (Fig. 6-2). In this group the desensitiza-
tion was already observed after one injection. 

Injections of amphetamine into the nucleus accumbens did 
not influence the food intake (Fig. 6-3). Likewise the injections 
of ergometrine had no effect upon the food intake. The 
ergometrine treatment induced the animals to move actively 
throughout the cage as described previously by Pijnenburg et al. 
(1973). 

Injections into the lateral hypothalamus of amphetamine had 
clearcut effects (Fig. 6-4). The effect was stable with several 
injections and was stronger after increasing the dosage to 
2 χ 20 щ. 2 χ 5 Mg amphetamine was not sufficient for statistic
ally significant effects (Fig. 6-4). 

The post mortem brain examinations confirmed that the 
neostriatal and accumbens injections were made in the areas 
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BILATERAL INTRANEOSTRIATAL AMPHETAMINE ON FOOD INTAKE I 
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Fig. 6-1: The effect of bilateral dexamphetamine injections into the 
neostriatum on food intake in a group of 7 rats. 
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Fig. 6-2: The effect of bilateral dexamphetamine injections into the 

neostriatum on food intake in a replication experiment. 
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MICRO INJECTIONS INTO THE NUCLEUS ACCUMBENS ON FOOD INTAKE 
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Fig. 6-3: The absence of an effect of bilateral dexamphetamine or ergo-
metrine injections into the nucleus accumbens on food intake of 
rats. 

BILATERAL AMPHETAMINE INTOTHE LATERAL HYPOTHALAMUS ON FOOD INTAKE 
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Fig. 6-4: The appetite depressant effect of dexamphetamine injections 

into the lateral hypothalamus on food intake of rats. 
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indicated in the figures 4-2 and 4-3. The lateral hypothalamic 
area that was reached is indicated in fig. 6-5. 

Fig. 6—5 Schematic indication of the area in which the amphetamine 
injections into the lateral hypothalamus were made. The figures 
are redrawn from König and Klippel (1963). For abbreviations 
see p. 7. 
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DISCUSSION 

In these experiments a clear appetite depression was produced 
by microinjections into the neostriatum and the lateral hypo
thalamus. The effect of injections into the neostriatum differed 
from the anorectic effects observed after systemic injections of 
amphetamine. Only one or two injections into the neostriatum 
sufficed to 'desensitize' the animal. The amphetamine anorexia 
is not known to produce tolerance with such rapidity (Ghosh et 
al., 1973;Panksepp and Booth, 1973; Lu et al., 1973; Götestam 
and Lewander, 1975). Moreover, a desensitized intraneostriatal 
effect had no consequence for the effect of systemic injections. 
The rapid desensitization for intraneostriatal injections was not 
observed in the self-stimulation set up (chapter 5). From this 
essential difference it can be concluded that other mechanisms 
outside the neostriatum are involved in the amphetamine 
anorexia as it occurs after systemic injections. The appetite 
depression by intraneostriatal injections could be due to some 
kind of strangeness or novelty that is imposed on the situation 
by the local injection. To such an effect a rapid habituation can 
be expected. 

No desensitization was observed with the intrahypothalamic 
injections. These results therefore confirm the observations of 
Booth (1968) and Leibowitz (1970, 1975a). The results also 
show that a dosage of 2 χ 20 μg is needed to produce anorectic 
effects of amphetamine on self-stimulation with intracerebral 
injections. This difference may be related to the mechanism 
that is triggered by the amphetamine injections. For self-
stimulation effects this triggered mechanism is probably purely 
neuronal whereas for appetite depression effects more complex, 
partly non-neuronal processes may be involved. For example, 
Leibowitz (1975b) suggested a possible involvement of effects 
on the glycogenolysis in the brain since amphetamine has been 
shown to increase the glycogenolysis in the brain (Estler, 1975). 
Propranolol, which can attenuate the anorectic activity of 
amphetamine, can also inhibit the effect on the glycogenolysis 
(Sanghvi et al., 1975; Nahorski et al., 1975). It may be that the 
local amphetamine injections release indirectly an excess 
glucose that stimulates in turn the glucose sensitive cells which 
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therefore erroneously signalize that an excess of glucose is 
present in the blood stream. The existence of these cells is 
known for several years now (Anand, 1967). The site as 
localized by Leibowitz and confirmed in the present 
experiments is the same site where 2-deoxy-d-glucose induced 
feeding behavior after local injections (Gonzalez and Novin, 
1974; Balagura and Kanner, 1971). The 2-deoxy-d-glucose 
induced feeding behavior is supposed to be caused by a 
competition by this antimetabolite with glucose for uptake into 
the glucose monitoring sensory cells (Smith and Epstein, 1969). 
The anatomical overlap of the sensitive areas for amphetamine 
and 2-deoxy-d-glucose open the possibility that the glucose 
sensitive cells in this area can mediate the effects of both the 
local amphetamine injections and 2-deoxy-d-glucose injections. 

As mentioned before the dosage of lU-20ííg, needed to 
produce anorectic effects, is rather high in comparison with the 
dosages needed for clearcut self-stimulation effects with intra
cerebral injections. The dosage range for effects both on self-
stimulation and on appetite is about 0.5-1 mg/kg with the 
systemic route of administration. Thus, in addition to the 
effects of amphetamine within the lateral hypothalamus it is 
still possible that other sites of action co-operate to produce the 
anorexia that is observed after systemic injections. 

No effects were observed on the food intake after injections 
of amphetamine into the nucleus accumbens. Pijnenburg et al. 
(1976) have reported that accumbens injections of ampheta
mine increase the locomotor activity. In order to be more 
certain about a possible dissociation of locomotor stimulation 
and anorexia the drug ergometrine was applied into the nucleus 
accumbens. This drug produces an extremely strong locomotor 
increase after accumbens injections (Pijnenburg et al., 1973). 
The results show that there was no effect on the food intake. 

In summary, it was shown that injections of amphetamine 
into the nucleus accumbens and the neostriatum which were 
previously shown to have stimulating effects on locomotor 
activity and self-stimulation do not mimic the anorectic effects 
with the same properties as the systemically produced ampheta
mine anorexia. These data therefore substantiate the suggestion 
that anorectic and motor stimulant effects are pharmaco
logically dissociable (van Rossum and Simons, 1969). 
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CHAPTER 7 INTRACEREBRAL MORPHINE IN SELF-
STIMULATING RATS AND FREELY MOVING CATS 

The behavorial effect that reflects most directly the reinforcing 
effects of morphine is self-administration behavior. However, it 
would take a lot of time to use this technique to localize the 
site(s), where morphine exerts its reinforcing action. Other 
behavioral effects, which can theoretically be related to the 
reinforcing action will have to be exploited for such a localiza
tion study. One such potentially useful behavioral effect of 
morphine is the induction of stereotyped behavior (Fog, 1969; 
Ayhan and Randrup, 1972). In chapter 3 a theory is presented 
which relates this behavior to the operation of reinforcing 
mechanisms. This behavior can be observed after chronic 
administration of very high morphine dosages (200 mg/kg daily; 
Ayhan and Randrup, 1972). The injection of morphine 
(>5 mg/kg, i.p.) in naive rats results in a strong behavioral 
depression but after this depression an excitation is observed 
with behavioral characteristics of stereotyped behavior (Lorens 
and Mitchell, 1973). In mice and cats the excitatory effects of 
morphine are much more prominent (Carroll and Sharp, 1972; 
Dhasmana et al., 1972). In mice no depression is thusfar 
described whereas in cats the depression is of short duration 
(Cools et al., 1974). The excitatory effects of morphine in cats 
were shown to be a series of highly stereotyped patterns (Cools et 
al., 1974). Also the so-called 'running-fit' induced by morphine in 
mice has stereotyped properties (VanderWende et al., 1975). 
The usefulness of this behavioral effect for a localization study 
is doubtful. Mice are too small for localization work, cats too 
expensive and in rats the behavior is difficult to quantify if 
normal morphine dosages are used. There is one report on the 
occurrence of stereotyped behavior in rats after intracerebral 
injection of morphine into the ventral thalamus (Bergmann et 
al., 1974). In view of the dosage used (25-50 ßg) and the length 
of the time elapsing after the injection before the behavior was 
displayed, it cannot be assessed from their findings whether the 
ventral thalamus is responsible for the mediation of this 
morphine effect. 
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A behavioral effect of morphine that can be used for localiza
tion work is the effect of morphine on self-stimulation 
behavior. The effects occur at moderate dose levels of morphine 
and are easily quantifiable. As mentioned in chapter 1 morphine 
is known to have a biphasic effect on rats in the self-stimulation 
situation (Adams et al., 1972). 10 mg/kg Morphine induces an 
initial depression in the self-stimulation rate lasting two hours, 
followed by a strong increase of about three hours. Low dosages 
of morphine (<5 mg/kg) lead to a pure increase of the self-
stimulation rate. 

The self-stimulation increasing effect as it occurs after the 
initial depression correlates roughly with the behavioral 
excitation characterized by periods of stereotyped behavior 
(Lorens and Mitchell, 1973). In tolerant rats the depression of 
the self-stimulation does not occur and a strong excitation 
follows the injection immediately (Adams et al., 1972). 
Similarly the stereotyped behavior becomes conspicuous and 
replaces the depressant effects completely in tolerant animals 
(Ayhan and Randrup, 1972). This correlation between stereo
typed behavior and self-stimulation increasing effects may 
reflect a common mechanism underlying these two effects. As 
mentioned before stereotyped behavior can be related to a 
stimulation or potentiation of reinforcement mechanisms 
(chapter 3). Similarly the self-stimulation increasing effect can 
be caused by a potentiation of reinforcement mechanisms. 
Thus, the mechanism underlying these two effects can be of 
importance with respect to the reinforcing action of morphine. 
The purpose of the following series of experiments is to find the 
site in the brain where morphine produces these stimulant 
effects in particular. Since the stereotyped behavior is less 
suitable as a tool the self-stimulation effects were used for this 
localization study. 

In the first phase it is studied whether the morphine effects 
occurring after systemic injections are indeed central effects by 
injecting small amounts of morphine into the ventricular 
system. In the second phase a larger number of brain sites were 
injected with a standard dose of morphine to obtain a first 
indication of the sensitive areas that mediate the depressant and 
stimulating effects. With a smaller dose of morphine the area 
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responsible for the excitatory effect was delineated more 
precisely in the third phase of this study. 

METHODS 

Male albino rats of 200-250 g were stereotaxically implanted 
with one or two stainless steel cannulas and a bipolar twisted 
stainless steel electrode under sodium pentobarbital anaesthesia 
(50 mg/kg). 

Cannula positions 
Rats prepared for experiments with systemic morphine injec
tions had no implanted cannulas. The rats prepared for 
intraventricular injections had one implanted cannula which was 
placed with the tip 1.5 mm above the lateral ventricle. The 
other rats had two implanted cannulas for bilateral injections or 
one implanted cannula if the target area was in the midsagittal 
plane. Implantation angles of 10°— 20° were used in order to 
avoid the ventricular system. 

Electrode positions 
The electrode was placed into the ventral tegmental area 
except if cannulas had to be placed into this area. In these latter 
animals the electrode was placed into the lateral hypothalamus 
(co-ordinates: see chapter 2). In the experiments in which the 
caudal hypothalamus and the ventral tegmental area were 
explored with the lower dose of 2 χ 1 Mg morphine, all rats had 
the electrode implanted into the lateral hypothalamus. 

Procedures 
After a training period for self-stimulation of at least two 
weeks the injection experiments were started. For local applica
tions morphine HCl was dissolved in saline and applied in a 
volume of 1 μΐ if one cannula was used. The drug was deposited 
at the site were the tip of the inner 'removable plug of the 
cannula was placed. Further details of the self-stimulation and 
chemical injection procedures were described in the chapters 2 
and 4. The dosages of 5 ßg (or 2 χ 2.5 ßg) and 2 χ 1 jug morphine 
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HCl were applied intracerebrally. Systemic injections of 
10 mg/kg morphine HCl were given to naive and tolerant rats. 
Rats were made partially tolerant in 10 days with the following 
daily dosages: 10 (1st day)-25-50-5O-50-8O-8O-80-80-80 mg/kg 
i.p. The rats prepared for intraventricular injections, were made 
tolerant with the same schedule. 

Drug effects were measured according to the modified 
procedure of Lorens and Mitchell (1973). Between 9.00 and 
10.30 a.m. a baseline of 15 minutes was run. The injection was 
made 45 minutes after the start of this baseline session. Every 
hour the self-stimulation rate was tested in a 15 minutes session 
up to 7 hours after the injection. The first session was from 15 
to 30 minutes after the injection. The animals were replaced 
into their home cage with food and water available during the 
intersession period. The self-stimulation rate per 15 minute 
session is expressed as a percentage of the baseline rate before 
the injection. The rats with cannula placements aimed at the 
lateral ventricle and the rats with placements into the periaque
ductal gray matter (site H in figure 7-3) were injected with 
saline either three days before or three days after the morphine 
test day. The saline results are given in table 7-1. With the 
combined intracerebral saline effects as controls (n = 13) the 
statistical significance of the morphine effects were evaluated. 
The nonparametric Mann-Whitney U-test was used. 

RESULTS 

In figure 7-la the effect is represented of a 10 mg/kg i.p. 
injection of morphine into self-stimulating rats. The depression 
lasts about 2 hours and the excitation about 3 hours. In table 
7-1 the exact figures are presented. In partially tolerant rats the 
excitation started immediately after the injection (figure 7-lb). 

Intraventricular injections of morphine gave qualitatively 
similar results. The depression lasted about 1.5 hr and the 
excitation about 2 hours. In partially tolerant rats a pure 
excitatory effect was observed (figure 7-2). 

If 5 μg morphine was injected into discrete brain areas a 
dissociation between the excitatory and the inhibiting effects 
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Fig. 7-1: The effect of systemic morphine administration (10 mg/kg) on 
self-stimulation in naive and tolerant rats. 
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Fig. 7-2: The effect of intraventricular morphine administration (5 ßgj on 
self-stimulation in naive and tolerant rats. 
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treatment 

morphine 
10 mg/kg ι.ρ 

saline ι p. 

morphine 10 
mg/kg in tole
rant rats 

morphine 5 μg 
into ventncle 

salme mto 
ventricle 

morphine 5 μg 
mto ventncle m 
tolerant rats 

salme mto the 
PAGM 

morphine 1 μg 
into caudal 
hypothalamus 

morphine ^ g 
mto ventral teg
mentum 

no. of 
rats 

6 

6 

6 

7 

7 

7 

6 

8 

6 

penod 
15-30 

10* 
(0-63) 

103 
(84-109) 

146* 
(129-200) 

44* 
(0-65) 

105 
(89-115) 

103 
(82-136) 

97 
(86-104) 

70 
(23-250) 

212* 
(91-275) 

penod 
75-90 

44* 
(0-100) 

105 
(91-114) 

203* 
(165-286) 

7* 
(0-45) 

97 
(83-108) 

155* 
(108-218) 

1145 
(92-130) 

117 
(71-291) 

251* 
(120-304) 

period 
135-150 

169* 
(111-259) 

97 
(79-132) 

223* 
(187-321) 

130 
(10-273) 

105 
(85-114) 

206* 
(127-269) 

86.5 
(63-148) 

166* 
(128-279) 

256* 
(130-350) 

penod 
195-210 

191* 
(149-286) 

100 
(81-129) 

214* 
(148-289) 

150* 
(114-231) 

97 
(75-134) 

148* 
(80-250) 

96 
(87-120) 

164* 
(105-239) 

241* 
(152-384) 

penod 
255-270 

191* 
(92-224) 

96 
(73-116) 

180* 
(109-233) 

139* 
(90-182) 

94 
(79-127) 

118 
(82-141) 

95 
(67-148) 

122 
(88-144) 

138 
(74-219) 

penod 
315-330 

155 
(90-213) 

95 
(69-123) 

151 
(95-193) 

98 
(83-120) 

117 
(91-129) 

87 
(71-141) 

118 
(71-153) 

129 
(68-171) 

penod 
375-390 

105 
(80-141) 

95 
(78-125) 

101 
(72-134) 

108 
(85-132) 

98 
(69-133) 

• P<0.05 

Table 7-1 The effect of different morphine treatments on self-stimulation The numbers indicate the median value of 
the results expressed as percentage of the pre-injection baseline rate The range is indicated between 
parentheses PAGM = periaqueductal gray matter 



Fig. 7-3 The effects of 5 pg (or 2 χ 2.5 ßg) morphine into different areas 
of the brain. Median effects are given as percentage of the pre-
injection baseline rate. The dots a-i within the sagittal brain 
section indicate a mean injection site for a number of rats with 
the standard deviation indicated by a hatched area. The number 
of rats grouped per area was a 3, b 3, α 3, d 3, e 5, f 5, 
Я 3, h 8, ι 4. The laterality of the injected sites was (mean 
± standard deviation/ a 10*01 Ь 2 0 * 02. с 0 9 ± 0 3, 
d 04 ± 0 1. e lût 0.2. f О 0 ± О 1. g О 1 ± O l.h 00, ι 1 2 
±04 mm Sites f, g and h were injected νια one cannula The 
figure from König and Klippel (1963) is extended in order to 
include the locus coeruleus The coordinates of site ι in the 
Pellegrino and Cushmanf196 7) co-ordinate system are 4 - 7 7 
±0 2, L12±04 and D - 2 6 ± 0 4 For abbreviations see ρ 7 
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was seen (figure 7-3). Pure depressions were found after 
injection into the locus coeruleys and periaqueductal gray 
matter. Pure excitatory effects were measured after injections 
into the caudal hypothalamus in all rats and after injections into 
the ventral tegmental area in two out of five rats. The latter two 
regions were explored with an additional group of rats with a 
dose of 2 χ 1 Mg of morphine HCl ; it was found with this 
dosage that only injections into the ventral tegmental area 
produced strong excitatory effects with a short latency time 
after the injection (figure 7-4). In figure 7-4 the effect of 
injections of 2 χ 1 ßg into the caudal hypothalamus and the 
ventral tegmental area are compared. The rats used for the 
preparation of this figure had their cannulas placed into the area 
indicated by shading in figure 7-5. In figure 7-6 a scatter 
diagram is presented in which the latency time is related to the 
distance from a point in the middle of the area where the 
dopaminergic cells are located (+ in figure 7-5). Regression 
analysis revealed a highly significant correlationcoefficient of 
0.87 (P<0.0001). From the slope of the regression line the 
diffusion velocity of morphine towards its putative site of 
action can be calculated. A diffusion velocity of 0.8 mm/hr was 
obtained. 

DISCUSSION 

These results demonstrate that with intracerebral injections it is 
possible to separate the excitatory and the inhibitory effects of 
morphine. Pure inhibitory effects were obtained from the 
central gray substance surrounding the aqueduct and the locus 
coeruleus. The periaqueductal gray matter has been related with 
the analgetic effects of morphine. Local injections into this area 
are reported to induce strong analgesia (Jacquet and Lajtha, 
1976). The locus coeruleus is related to the actions of morphine 
with a number of diverse techniques. Korf et al. (1974) demon
strated that morphine strongly depresses the firing rate of the 
locus coeruleus neurons. Price and Fibiger (1975) found that 
lesioning of the locus coeruleus with 6-OHDA potentiated the 
analgetic activity of morphine. In an autoradiographic localiza-
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Fig. 7-4 Effect of injections of 2 χ 1 ßg morphine HCl into the caudal 
hypothalamus or ventral tegmental area. The median post-mjec-
tion rate is given as percentage of the baseline rate. 

Fig. 7-5 Sites of injection of morphine HCl (2x1 ßg, bilaterally) into 
the caudal hypothalamus and ventral tegmental area. Only one 
of the two cannula positions is represented. The position of the 
other cannula did not differ more than 0.3 mm. The points 
within the shaded areas indicate the cannula positions of the 
rats that were incorporated in the groups of caudal hypo
thalamic and ventral tegmental area placements (See figure 7-4 
and table 7-1). All sites mediated self-stimulation increments 
with differing latency times · < 15 тт., ® < 7J тт., 
в < 135 тт., в < 195 min. The cross (+) indicates the point 
from which the distance was calculated for the evaluation 
represented in figure 7-6. The figure is drawn on the basis of 
the atlas of König and Klippel (1963). For abbreviations 
seep 7 
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Fig. 7-6 Scatter diagram visualizing the correlation between the latency 
time for an increase in self-stimulation by local injections of 
2 χ 1 μg morphine HCl and the distance between the injected 
site and the point A 1.85, L 1.2 and D -2.9 (indicated by a 
cross in figure 7-5). This latter point is located in the middle of 
the area where the dopaminergic cell bodies of the cell 
groups A9 and AIO are located. The calculated regression line 
is Latency time = 69 9 X Distance -33 

tion study of the opiate receptor Pert et al. (1975) found a high 
density of morphine receptor binding in the locus coeruleus. An 
involvement of the locus coeruleus in the actions of morphine is 
firmly established by these data. However, the nature of this in
volvement cannot be established as yet. 

In the present study a clear excitatory effect was obtained 
with injections of 1 μ% into the ventral tegmental area. Both 
from the intensity and the latency of the effect it can be 
concluded that this area is responsible for the mediation of the 
local morphine effects. From the slope of the regression line 
relating the distance from the supposed site of action and the 
latency time a diffusion velocity could be estimated. 
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This estimate of 0.8 mm/hr is of the same order of magnitude 
as an estimate of 1 mm/hr based on the data reviewed by Herz 
and Teschemacher (1971). These data consisted of autoradio
graphic observations on the spread of morphine after intra
ventricular injections and the measurement of the latency time 
for analgetic effects of these injections. 

The ventral tegmental area which is shown here to be the 
most sensitive site for morphine's excitatory effects, is the area 
where the dopaminergic cell bodies of the cell groups A9 and 
AIO are located (Lindvall and Björklund, 1974). From these 
data it cannot be concluded that the dopaminergic cell bodies in 
this area are responsible for the effect. 

BEHAVIORAL EFFECTS ON CATS OF INTRACEREBRAL 
MORPHINE INJECTIONS 

With the self-stimulation method it is very difficult to obtain 
evidence that the morphine effects are actually mediated by an 
effect on dopamine containing cells. Any experimental manipu
lation with these cells will influence the self-stimulation 
behavior per se so that it will be difficult to ascribe the effect of 
a manipulation either to the change in the self-stimulation 
behavior or to the change in the morphine effect. Very few 
other methods are available that are sensitive enough to detect 
the behavioral changes by intracerebral injections of small 
amounts of morphine. A useful method for observing behavioral 
changes in relation to dopaminergic overactivity was developed 
by Cools and van Rossum (1970) with cats. It was described 
that intracaudatal applications of dopamine or dopaminomi-
metic drugs result in contralateral orientations of the head and 
body. In addition, conspicuous dyskinesias were observed. 
These effects were shown to be caused by dopamine receptor 
stimulation (Cools, 1971, 1972). These phenomena may be 
useful to obtain more information on the effects of local 
morphine injections on the dopaminergic systems. It may be 
expected that if morphine stimulates the dopaminergic cell 
bodies the above described effects can also be obtained by local 
injections of morphine into the dopaminergic cell groups near 
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and within the substantia nigra Therefore in the next experi
ments morphine was applied unilaterally into the cats and 
observations are reported on the occurrence of contralateral 
orientations and dyskinesias. 

METHODS 

Eleven cats of either sex (2 5-3 5 kg) were provided with 
cannulas bilaterally aimed at the dopaminergic cell groups A9 
and AIO. Co-ordinates used were A 4 0, L 3 7 and D 4.5 The 
cannulas consisted of a 0 8 mm stainless steel tube and a closely 
fitting inner plug. The stainless steel plug was fixed with a screw 
thread. 

Procedure 
One week after the operation the cats were habituated to the 

observation cage (75 χ 75 χ 80 cm) in two 90 minute sessions 
on separate days Before the injection was made the cats were 
already 20 minutes in the observation cage. After the injection 
the animals were observed for 1 hour via a closed TV circuit 
Recordings were made on videotape throughout the observation 
period. Although the behavior could be analyzed in great detail 
from these videotapes only the changes in the two parameters 
that showed the most clearcut morphine effects are reported 
here These parameters were the orientation of the head and the 
number of dyskinetic movements in the forehmb. Every 
30 seconds a dominant head position was noted The orienta
tion predominance was calculated by the formula 

number of contralateral orientations - number of ipsilateral orientations 

The number of dyskinetic movements was counted throughout 
the 60 minute penod. Dyskinetic movements were considered 
movements with the forehmb and in the mouth region with the 
following charactenstics 
1. A sudden lift of the extended foreleg towards a near 
horizontal position. This movement could be observed only if 
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the animal was in a standing position or in a sitting position 
with vertically stretched forepaws. 
2. A tremor-like rapid shaking of the lower part of the fore-
limb. 
3. Muscle contractions in the mouth region including tongue 
extrusions. These movements had to be clearly different from 
the normal mouth movements e.g. during miauowing or the 
licking of the lips and nose. 

The injections into the brain tissue were made 1 mm below 
the cannula tip. 10 ßg Morphine HCl was dissolved in aqua dest 
and injected unilaterally in a volume of 2.5 μΐ The other 
cannula was used for control injections of 2.5 μΐ aquadest. 
Control and morphine injections were performed in a balanced 
sequence and were spaced at least two days. 

The brains were sectioned and stained with Cresylviolet for 
the determination of the cannula positions The cannula 
positions were determined by comparison of the slices with the 
sections presented in the atlas of Snider and Niemer (1961). 

RESULTS 

Quantitative differences were present between the morphine 
treatments and the control treatments. 5 of the eleven animals 
had the head almost permanently in one orientation, which was 
contralateral from the morphine injected side (orientation score 
>707o) In addition these 5 animals had dyskinesias in the 
contralateral forehmb and mouth region. These dyskinesias were 
extremely rare in control sessions. Thus, the presence of 
dyskinesias is a reliable indication of a morphine effect Of the 
group of 11 animals three cats had no asymmetric head orienta
tion nor could any dyskinetic movements be observed. These 
cats were the numers 2, 3 and 4. From the post mortem data on 
the location of the injection it can be seen that these injections 
were applied above the region containing the dopaminergic cell 
groups (figure 7-7, shaded area). Three cats had dyskinesias 
combined with a head orientation preference of less than 20% 
Probably this dissociation is related to the large variance in this 
parameter which ranges in the control cats from +70% to 
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—60%. Other behavioral changes that can be suspected of being 
caused by morphine were an increased sniffing, increased groom
ing, an increase in the number of normal head and paw move
ments and a suppression of distress miauowing Yet, these traits 
occurred only occasionally in the morphine senes and a relation 
to the action of morphine could not be quantitatively proved 

The mean number of dyskinetic movements in the eight 
animals with effective injections was 10.2 in one hour with a 
standard deviation of 4. After control injections this figure was 
0 3. The mean preference score of the same eight cats was 59% 
(range 10—100%), whereas this figure was 12% (range 
—60 — + 70%) for the control injections 

DISCUSSION 

The observation of dyskinetic movements and the occurrence of 
a head orientation preference to the contralateral side of the 
injection is in agreement with an action of morphine on 
dopaminergic neurons. The dyskinetic movements observed 
were similar to the athetoid and choreiform movements that 
occurred after the injection of dopamine and dopaminomimetic 
compounds into the neostriatum (Cools, 1972). The overall 
frequency of the dyskinetic movements observed here was low 
in companson with the frequency of 1 to 3 per minute observed 
in the second and third minute after the injection of dopamine 
However, the dopamine effects disappeared rapidly. It was 
reported that even after the injection of 144 μg dexampheta-
mine the dyskinetic movements amount from 1 to 3 per 4 
minutes in the penod of 11-15 minutes after the injection 

Fig 7-7 Sites of intracerebral injections of 10 Ug morphine HCl in cats 
near the area where the dopaminergic cell bodies are located 
(shadedarea Pm et al, 1968) Open circles (о) indicate ineffective 
sites Filled circles (·) indicate effective sites The frontal 
sections in the figure are prepared on the basis of the atlas of 
Snider and Niemer (1961} For abbreviations see ρ 7 
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(Cools, 1972). Probably, compensatory changes occur over time 
in the central nervous system to suppress the dyskinesias 
inducing disturbances. With the gradual and prolonged action of 
morphine these compensatory mechanisms can be more 
effective. As a result the frequency of the dyskinesias can be 
low even though the occurrence of the dyskinesias persisted at 
least for one hour after the injection. 

The overlap of the effective injection sites with the area in 
which the dopamine containing cells are located is consistent 
with an action on the dopaminergic cells. Three ineffective 
injections were made outside the area but one additional 
injection site outside the area was effective (no. 10; figure 7-7). 
Probably the drug is spreading upwards along the needle tract 
during and after the injection and thereby can influence the 
dopaminergic cells. It is known that injections use to spread 
upwards along the cannula system and injection needle 
(Routtenberg, 1972). So this observation cannot be considered 
as evidence against the hypothesis that morphine increases the 
activity in the dopaminergic fibers by an action in the area 
where these fibers originate. 

GENERAL DISCUSSION 

Recently Lai (1975) reviewed a number of literature data 
demonstrating that morphine increases the impulse flow in the 
dopaminergic neurons. Histological methods indicated a strong 
increase of the dopamine utilization. This was inferred from the 
rapid disappearance of the dopamine fluorescence in the 
caudate nucleus of rats pretreated with a catecholamine 
synthesis inhibitor (Gunne et al., 1969). Biochemical studies 
confirmed that the dopamine turnover is stimulated by 
morphine. The catecholamine precursor C14-tyrosine is more 
rapidly incorporated into the dopamine pool by morphine 
treatment as shown by Smith et al. (1970) and Clouet and 
Ratner (1970). In addition the concentration of the dopamine 
metabolite HVA is increased by morphine (Fukui and Takagi, 
1972; Kuschinsky and Homykiewics, (1972). The present 
conclusion, based on the localization results with self-stimu-
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lating rats and freely moving cats that morphine causes these 
dopamine stimulating effects by an action close to the 
dopaminergic cell bodies is in line with the observation that a high 
concentration of morphine receptor binding sites is present 
within the substantia nigra (Pert et al., 1975). 

In view of the complex behavioral effects of morphine and 
the existence of at least two sites of action it is difficult to 
identify the effects of the dopaminergic stimulation at the 
behavioral level. An increased dopaminergic activity can result 
in stereotyped behavior and increased locomotor stimulation 
(Pijnenburg et al., 1975; Pijnenburg and van Rossum, 1973; 
Kelly et al., 1975). Indeed, the locomotor stimulant effect of 
morphine in mice can be attenuated by dopamine receptor 
blocking drugs (Carroll and Sharp, 1972). However, the once 
developed morphine induced stereotyped behavior is not readily 
antagonized by dopamine receptor blockade as was reported 
both for rats and cats (Ayhan and Randrup, 1972; Cools et al., 
1974). One explanation could be that dopamine is not involved 
in the maintenance but in the initialization of the stereotyped 
behavior, whereby other reinforcing pathways, such as 
serotonergic, are supposed to maintain the stereotyped behavior 
(Cools et al., 1974). More data are needed to resolve precisely 
the role of dopamine in the induction of the morphine induced 
stereotyped behavior. 

It is equally difficult to assess the role of dopamine in the net 
reinforcing action of morphine. The role of dopamine in the 
mediation of rewarding and motivating stimuli as revealed in the 
chapters 2 and 4 and the demonstration of a strong stimulating 
effect on the dopaminergic fibers by morphine as discussed in 
the present chapter indicate that dopamine will contribute to 
the reinforcing action of morphine. However, dopamine is not 
the only source of the morphine reinforcement since Davis and 
Smith (1974) have demonstrated that dopamine receptor 
blockers cannot block the reinforcing properties of morphine. 
Thus, both from the data on stereotyped behavior and from 
self-administration data it is evident that in addition to a 
dopaminergic pathway other, reinforcing pathways are involved 
in morphine induced reinforcement. Since both the stereotyped 
behavior in rats and the self-administration behavior in rats is 
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easily attenuated by drugs that interfere with noradrenergic 
transmission it might be a noradrenergic pathway that is of 
prime importance for the morphine induced reinforcement 
(Ayhan and Randrup, 1972; Davis et al., 1975). 

The local injection results with 5 μg morphine on self-stimula
tion show that the excitatory effects last considerably longer 
than the depressant effects. The biphasic effects observed after 
systemic morphine injections can be considered as the resultant 
of a dominant, short lasting depressant effect and a longer lasting 
excitatory effect. The cause of the different action durations is 
not known. As mentioned in the introduction of this chapter it 
was found that after repeated systemic injections the depressant 
effect on self-stimulation can completely disappear without any 
appreciable change in the duration of the excitatory effect 
(Adams et al., 1972). So, maybe this different rate in tolerance 
development is the cause of the persistence of the excitatory 
effect after the depressant effect disappeared. 

The excitatory action of morphine is not well described in 
man. Certainly, the depressant effects predominate during the 
first hours after the heroin administration. But it is conceivable 
that the strong craving for a second dose and the work an addict 
is doing for it, are an indication of a second phase of increased 
activity caused by a morphine induced overactivity in a 
dopaminergic system. 
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CHAPTER 8 PROPERTIES AND CONNECTIONS OF 
REINFORCING PATHWAYS IN THEORETICAL 
PERSPECTIVE 

In previous chapters several issues arose with considerable 
theoretical implications. The purpose of this chapter is to 
evaluate these implications further to show that they can be 
combined into a consistent theoretical framework. Thus: 
1. In chapter 3 the possibility was stressed that the pathways 

mediating the reinforcing effects on operant behavior elicit or 
facilitate the occurrence of instinctive behaviors depending 
on the amount of activity within the reinforcing pathways 
(Glickman and Schiff, 1967). 

2. In chapter 4 it was proposed that the pathways mediating the 
reinforcing effects are identical to the pathways mediating 
the motivation to perform the operant behaviors preceding 
the acceptance of the electrical reinforcer. 

3. In chapter 5 in relation to the amphetamine effects, it was 
argued that there can be several alternative motivational 
pathways, which are functional depending on the pathways 
stimulated by the electrode or depending on the kind of 
operant behavior that has to be performed (White, 1976; see 
also Gallistel, 1973). 

A theoretical framework consistent with the above mentioned 
three putative properties of reinforcing and motivational path
ways will in turn have to be consistent with a general theory of 
motivation. So, if one is adhering one particular theory of 
motivation one will interprete the self-stimulation phenomena 
in terms of this theory. For example, if one is a proponent of an 
incentive theory of motivation one will fit the data on self-
stimulation behavior into an incentive model for self-stimula
tion (Trowill et al., 1969). If one is a proponent of Sheffield's 
suggestion (Sheffield et al., 1954) that reinforcement is a matter 
of performance of consummatory behaviors one points to the 
observation that the electrode is also eliciting consummatory 
behaviors, whereby the reinforcement seems explained 
(Glickman and Schiff, 1967). Some theorists have built a model 
based on computer analogies and then fit in self-stimulation 
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data by concluding that the electrode stimulates both 
motivational and reinforcing pathways (Deutsch and Howarth, 
1963) or that the electrical stimulation is repeatedly biasing and 
resetting the set points of a number of homeostats (Pribram, 
1963). 

It is certainly not easy to 'fit in' self-stimulation data into 
theories. The data obtained with self-stimulation are hard to 
reconcile with drive reduction theories. In fact, the most serious 
arguments against the drive reduction theories are derived from 
the properties of reinforcing brain stimulation (Bolles, 1975; 
Gray, 1975). So, the mere fact that experimental data can be 
fitted into a theory means that at least part of the theory is 
useful. However, no theory has yet been proposed that 
correctly describes all phenomena observed in self-stimulation. 

Not long ago a similar situation existed in the field of 
motivation and learning in general. Several different concepts 
such as instincts, drives, incentives or reinforcement emerged in 
the history of psychology. Often these concepts were intro
duced as alternative but superior concepts for the explanation 
of the available behavioral data. Too often the experimental 
data were pushed into narrow concepts. It stimulated new 
experiments that ultimately proved that the old concept was 
not sufficient to explain the new data. In a brilliant survey 
Bolles (1975) describes this struggle of choosing between and 
testing and rejecting of these four concepts. It was concluded 
that no single concept was sufficient to explain the data. Yet, 
the use of these concepts persists in the literature. Probably 
because they are useful and superior each in its own particular 
area. Our choice is therefore not to reject these four existing 
concepts but to redefine them in such a way that they become 
complementary instead of exclusive. In doing so we will arrive 
at the same basic scheme that is presented in an incentive or 
expectancy model by Bolles in 1972. The model will explain 
self-stimulation in the way it is done by the mathematician 
Grossberg, who worked out neural networks able to 'perform' 
self-stimulation (Grossberg, 1971, 1975). 

For explanatory reasons we will not start with these models 
but introduce them in our own way. 

We will start with the reinforcer concept. What is a 
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Fig. 8-1: Partially filled-in black box illustrating the reference field of the 

concepts instinct and remforcer. 

reinforcer? The term reinforcer is used to refer to a stimulus 
that, given a relation to a response, produces a change in the 
frequency of occurrence of that response (Premack, 1965; 
Gray, 1975). It is assumed that a reinforcer is dependent on an 
existing frequency, so that if the frequency of occurrence of a 
certain response is zero it cannot be reinforced. Somewhere, 
however, during the ontogeny there has to be a jump from zero 
to non-zero. Here one can use the term instinct. The term 
instinct can be used to refer to the structural prerequisite that 
underlies the initial appearance of responses. Yet, more is 
needed for reinforcers in order to be able to act on these 
responses and modify their frequency. Reinforcers require a 
useful connection with the responses and this too is something 
one can ascribe to the instinct. Thus, somewhere in the central 
nervous system one can expect to find these useful genetically 
determined connections between the input and output related 
regions (instinct region, fig. 8-1). Instincts have everything to do 
with genetics, but are hard to define at the level of behavior. 
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Fig. 8-2: Partially filled-in black box illustrating the reference field and 
the relation between the concepts drive and incentive. The 
arrows refer to flows of nervous activity. 

They reside within the nervous system and will have to be 
defined in relation to central nervous system connections 
(fig. 8-1). The term instinctive behaviors is used to refer to 
behavioral events that cannot be explained by the action of 
reinforcers as long as they cannot do more than just modify 
existing frequencies. These behaviors are not rigid, it is just that 
one can recognize through these behaviors the rigidity of the 
instinct region. 

Now, given a certain input with a useful connection with the 
responses in the output, a selection mechanism is needed so that 
the organism will not continuously react to the same stimulus. 
It should eat when hungry and drink when thirsty. Therefore 
after penetrating the nervous system certain stimuli gain in 
significance and certain others loose significance. Eventually 
one particular influence is dominant and the system has 
'decided' out of a number of alternatives (fig. 8-2). The 
influence that eventually is selected will be called the incentive. 
Thus the output is under the control of a single incentive. 
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Therefore, the pathway that transmits the incentive towards the 
output region is a useful connection between the input and 
output region. It is therefore a pathway supposed to be part of 
the structure in the instinct region. 

We have supposed that a selection mechanism is operating in a 
part of the nervous system indicated as the drive region. We 
suppose that it is operating on neural representations including 
those of certain drive-stimuli. It is feasable to call these 
potential incentives drives since more of them are active at the 
same time. The incentive is not supposed to be exclusively 
determined by the input. The selection system by itself may 
vary. This bias in the selection mechanism together with as yet 
unidentified drive stimuli is usually called the drive state or the 
motivational state. 

Although used here in a somewhat different way, it is still 
justified to use the terms drives and incentive. The incentive has 
always been used as a factor dependent on environmental 
stimuli, operative during the execution of a learned response 
sequence as a kind of 'expectency'. In contrast to Hull's use of 
the concept (Hull, 1943) it includes drive factors in its present 
meaning. We do so in accordance with Seward's suggestion 
(Seward, 1942; Bolles, 1975, p. 297). The incentive mediates 
the decision to work for food, for water, for a receptive female 
etc. Thus, we suppose that there are a limited number of different 
incentive pathways. If food, water or the receptive female are 
present the incentive stimulation is a command to eat, to drink 
or to mount. The incentive as introduced here is operationally 
similar to the incentive Bolles (1972) is labelling with the sym
bol S*. In the next figure this symbol is therefore included. 

The incentive activity is supposed to pass towards the output 
region. If the model would be meant for a very primitive animal 
we would nearly be finished. In that case it is sufficient to 
suppose that the incentive stimulation elicits a fixed action 
pattern and the model behaves properly. Most animals, how
ever, are not that primitive. The seemingly 'fixed' action patterns 
can usually be corrected for environmental variations. Even at 
the outermost level of the motor system environmental stimuli 
are influencing the motor cells. Thus, environmental stimuli gain 
significance within the system at two levels. One and the same 

109 



Fig. 8-3: Partially filled-in black box illustrating the two-way connections 
between the input and output regions. Within the black box the 
lines refer to nervous system pathways. Unconnected lines 
suggest a multitude of potential and real connections. S * refers 
to an incentive mediating pathway. 

stimulus can be connected to motor cells for a proper sensori
motor integration of the responses and can be connected to the 
pathways feeding into the drive region to select a particular 
incentive (fig. 8-3). It is easy to conceive how a particular sti
mulus can be connected to the incentive pathways since this can 
be done by ordinary classical conditioning, whereby the activity 
within the incentive pathway is the unconditioned response. 
From the start one needs, however, stimuli with almost direct 
access to the incentive pathways. These will function as uncon
ditioned stimuli and are called primary reinforcers. 

The simplest way to explain the conditioning in the output 
region is by supposing a second classical conditioning process. 
This can be done in the system by supposing that the stimula
tion leaving the incentive pathways functions as an uncondi
tioned stimulus. E.g. if the combined action of the input stimuli 
and the incentive stimulation induces a number of cells in the mo-

110 



tor region to fire, then the input stimuli will gain a more effective 
control over these cells. But what if these motor cells are 
involved in an incorrect response? It means that the system 
receives immediately following the response an input from 
which it obtains lesser incentive stimulation. By the condi
tioning process in the input region this drop in the incentive 
stimulation will the next time occur earlier and eventually at 
the time the incorrect response was about to begin. So, by the 
conditioned drop in the incentive stimulation the motor cells 
under discussion will not fire because of lack of sufficient 
incentive stimulation*. Consequently the input will not learn to 
excite these inadequate motor cells. Thus the incentive activity 
acts as a reinforcing signal for the motor system. Although 
motor cells were supposed to fire in response to both the direct 
input derived stimulation and to the incentive stimulation, they 
can probably also fire with only one, but strong, input. We are 
dealing with a deeply traced habit if this input is derived directly 
from the main input. Sometimes, however, it is dangerous or 
inefficient for the system to rely on a slow learning process; in 
these cases the incentive stimulation will do all the work alone 
and a more or less fixed action pattern will be produced as 
output. 

This mechanism of a double conditioning process to account 
for operant conditioning is introduced by Grossberg (1971) 
who also describes the functioning in a mathematical formalism. 
He also used the term incentive for one of the pathways 
innervating the motor cells. 

An essential part of the proper operation of the conditioning 
process is the assumption that the learning of the incentive 
value of the environment and the responses that can be made in 
that environment, precede the learning of the response. Bindra 
(1972, 1974) is describing the evidence for this in detail. He 

* During extinction learnrng of established connections between the neural 
representations of particular stimuli and a paiticulai incentive pathway, an 
inhibiting mechanism is always needed. Fvidence for the existence of negative or 
positive rebound phenomena owing to reversed sign motivational systems is 
presented by Solomon and Corbit (1974) m their opponent process theory of 
motivation. These negative pathways can run in parallel with the incentive path
ways discussed here or they tan be directly inhibitory upon these pathways 
(Grossberg, 1975). Therefore we will not include these pathways in our schemes. 
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even supposes that no second learning process after the 
incentive pathways is necessary at all, since the animal only 
needs to follow an incentive gradient. This gradient constitutes 
a learned way to facilitate existing stimulus-response connec
tions in the proper sequence. It is not clear how this hypothesis 
explains the plasticity of the responses in higher animals. Bolles 
(1972) suggests that once the proprioceptive feedback and a lot 
of other consequences of a certain response are conditioned to 
an incentive, this incentive in turn will be able to elicit that 
response. How this is supposed to work is left for future 
analysis. We suppose that a second conditioning possibility 
within the system is a parsimonious and useful mechanism to 
extend his theory. 

In the present derivation of the system it is easy to visualize 
the main developments of evolution. Starting with straight
forward direct stimulation of motor cells by the incentive 
stimulation in primitive animals it gradually changed into a 
more permissive facilitation, not only of direct necessary motor 
cells but also of a number of not directly necessary ones. In this 
way responses could become more and more plastic and 
adaptive. Ultimately, in the highest organized mammals, the 
primates and man, there does not seem to be much left of a 
specific innervation of particular motor nuclei by the incentive 
pathways. For these animals we suppose a more generalized 
activation of the motor system. Yet, the incentive information 
will have to remain essential in order to develop the adequate 
habits. Also, it will be evident that a certain unequal distribu
tion can persist in higher animals both because of its advantages 
for an efficient starting behavior for the learning of responses 
and because relics of primitive ancestors can still be present. 

It is essential in the system described that there are several 
different incentives each mediating different motivations. This 
followed from the suggestion that the incentive pathways 
evolved from primitive reflex loops with releasing stimuli and 
fixed action patterns. Therefore it is even entirely possible that 
certain very fundamental and often used tasks, such as locomo
tion and approach behavior are guided by their own incentive. 
Once it is supposed that the incentive pathways do not directly 
elicit fixed action patterns but only mediate a facilitation, then 
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it is not required that only one incentive is operative at the 
same time The system will gain in flexibility if some incentives 
can operate at the same time 

It is clear what will happen if we place an electrode in one of 
these incentive pathways and stimulate while the animal 
performs a particular response. The incentive stimulation 
increases suddenly by the electrical stimulation and the input 
stimuli will as supposed in the model be conditioned to the 
active motor cells. After a few repetitions a strong connection 
will exist between the environmental stimuli and the response. 
Yet, this connection was assumed not to be strong enough to 
elicit the response It would do so only after excessive training 
or if additional incentive input to the involved motor cells is 
present. It means that the response will have to be initiated by 
natural incentive stimulation. Under the circumstances in which 
self-stimulation experiments are usually performed the animals 
are under low drive level conditions so they will not generate 
high incentive activity. Thus, despite the powerful reinforcing 
effects of self-stimulation the motivation for it is low. It can, 
however, be increased if the natural drive level of the animals is 
increased Thus we see that all the explanations used by Trowill, 
Panksepp and Gandelman (1969) in their incentive theory of 
brain stimulation reward remain valid. The model also visualizes 
that the pathways being stimulated also have to motivate the 
behavior Stimulation of these pathways will at the same time 
deliver the motivation for the next response as was elucidated 
by Deutsch and Howarth (1963) It is of course possible that 
under particular circumstances the incentive pathway mediating 
quantitatively the most motivation for the response is another 
pathway as the one mediating qualitatively the most incentive 
stimulation during the electrical stimulation This is particularly 
well possible if we allow for the existence of separate incentive 
pathways for locomotion and approach behavior 

At last, the model also explains why certain instinctive 
behaviors can be elicited by the electrical stimulation or under 
circumstances of extremely stong reinforcement as described in 
chapter 3. A reinforcer is, according to the model, a stimulus 
that increases the activity in an incentive pathway. In the 
animals studied the incentive pathways still have, in view of 
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their evolutionary roots, a biased connection with the motor 
system. Although a reinforcer is not necessarily biased or able 
to elicit instinctive behaviors by definition, it is conceivable that 
it can be biased or elicit instinctive behaviors owing to the 
connections of the incentive pathways. The model therefore 
incorporates also the theory of Glickman and Schiff (1967). 

Many connections can be added to account for other 
phenomena observed in psychology. For example, internal feed
back pathways can be incorporated into the system at any level. 
Feedback pathways that relay information from the motor 
region back towards the pathways entering the drive region have 
particulary interesting consequences. We will not elaborate on 
these possiblities since the model described here is sufficient to 
explain the self-stimulation data. The model explains the three 
issues mentioned in the beginning of this chapter and is 
consistent with modem theories of motivation and reinforce
ment. 
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SUMMARY 

In this thesis the main interest centers around the question of 
the structures in the brain that are responsible for the mediation 
of the motivation modifying effects of addicting drugs such as 
amphetamine and morphine. 

In chapter 1 the relation between this question, the addiction 
phenomenon in man and the experiments described in this 
thesis is indicated. A considerable part of the experiments is 
based on the phenomenon of intracranial rewarding brain 
stimulation. A short historical description is given of the 
research performed during the period from 1954 to 1972 on the 
pathways within the nervous system that are responsible for the 
electrically induced reinforcement. On the basis of this litera
ture survey the attention is focussed on the dopaminergic 
system in the brain. Although suggestions were made that the 
dopaminergic system is involved in the mediation of reinforcing 
brain stimulation more evidence was needed on this point. 

In chapter 2 the effects of the dopamine receptor stimulant 
drug apomorphine on self-stimulation behavior are described. 
Groups of rats were prepared with electrodes implanted into the 
nucleus accumbens, the lateral hypothalamus, the ventral 
tegmental area and the locus coeruleus. Apomorphine 
(200 μg/kg) was found to increase the self-stimulation rate 
towards 130—150% of the baseline rate in 46% of the animals. 
In another 46% of the rats the rates were depressed towards 
0-50% of the baseline rate. This individual variation could be 
observed in all groups of rats with electrodes in different regions 
of the brain. The effect of the drug was highly reproducable for 
individual animals. A lower dose of apomorphine (100μg/kg) 
given to rats which did not show an increment in the self-
stimulation rate resulted in either no change or an inhibition of 
shorter duration. In the discussion it is argued that a take-over 
of the reinforcing effects of the electrical stimulation by a 
reinforcing effect of apomorphine by itself is the most likely 
explanation for the observed effects. This interpretation 
demonstrates that the data are consistent with the conception 
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that a dopaminergic pathway can mediate reinforcing stimu
lation. In this chapter the literature dealing with pathways 
supporting self-stimulation behaviour is evaluated. 

In chapter 3 a further analysis is made of the effects of the 
reinforcing properties of apomorphine. The hypothesis is 
worked out that apomorphine can reinforce those behavioral 
categories that are displayed during the onset of drug action. It 
is shown that rats perform lever-pressing behavior that is 
initiated by rewarding brain stimulation but maintained without 
the rewarding electrical stimulation under apomorphine. A 
similar absence of extinction is described with amphetamine. 
An experiment is described which shows that mice remain water 
treading as if conditioned to do so when placed into the water 
just after an apomorphine injection. Experiments to show 
conditioning of a rearing position in rats or continuous running 
behavior in mice by apomorphine were not successful. In 
addition it is reported that apomorphine elicits hoarding in 
hamsters of material that is not hoarded by untreated hamsters. 
It is discussed that these data indicate that apomorphine can 
have conditioning effects together with the elicitation of 
instinctive behaviors. In this view the apomorphine induced 
stereotypy is a form of superstitious behavior. 

In chapter 4 the effect of stereotaxic injections of morphine 
and haloperidol via permanently implanted cannulas into the 
neostriatum, the nucleus accumbens or the ventricular system 
on self-stimulation behavior of rats with electrodes implanted 
into the ventral tegmentum are described. The self-stimulation 
rate can be depressed by injections of haloperidol into the 
neostriatum or into the nucleus accumbens. Unilateral 
injections of haloperidol into the neostriatum depress the self-
stimulation rate either with applications ipsilateral to the 
electrode or contralateral to the electrode. Bilateral applications 
of haloperidol into the neostriatum (2 χ 2.5 pg) are more 
effective than unilateral applications (5 ¡ig) and are more 
effective than applications into the ventricular system. From 
these results it is concluded that the depression is not caused by 
a diminished effectiveness of the electrical stimulation. Rather 
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an effect on motivational processes independent from the 
electrical stimulation is proposed. Thus it seems that a dopa
minergic system can both mediate rewarding and motivating 
activity within the brain. 

In section В of this chapter the effects of intraneostriatal and 
intra-accumbens injections of morphine are described. Morphine 
does not depress self-stimulation after such injections. Thus, 
unlike haloperidol, the behavioral depression by morphine is 
not due to an interference with dopaminergic transmission 
within the neostriatum by a direct action. 

In chapter 5 the effects of microinjections of dexampheta-
mine chloride into the neostriatum, the nucleus accumbens, the 
anterior hypothalamus and the ventricular system on self-
stimulation with electrodes in the ventral tegmentum are 
described. Unilateral injections of 10 μg into the anterior hypo
thalamus have no effect. Unilateral injections into the 
neostriatum tend to depress the self-stimulation rate, whereas 
injections into the nucleus accumbens increase the rate 
markedly. Bilateral injections (2 χ 2.5 ßg and 2 χ 5 μg amph.) 
into the nucleus accumbens are more effective than unilateral 
injections and are as effective as systemic injections of 1 mg/kg 
amphetamine (i.p.). Bilateral injections into the neostriatum 
also increase the self-stimulation rate. Injections of 10 μg into 
the ventricular system resulted in a smaller increase. These 
results confirm the conception that the reinforcing effects of 
amphetamine can mainly be ascribed to an effect on dopamine 
containing nerve terminals. 

Chapter 6 deals with the anorectic properties of ampheta
mine. The strong effect of amphetamine within the nucleus 
accumbens and neostriatum as described in chapter 5 might also 
be responsible for the anorectic effects of amphetamine. Micro
injections of 10—20 ßg amphetamine into the neostriatum or 
the nucleus accumbens do not result in persistent appetite 
depressant effects. The initial appetite depressant effect after 
intraneostriatal injections is shown to desensitize almost 
completely after the first injection. Ergometrine, a drug with 
similar but stronger behavioral effects as amphetamine after 
intra-accumbens injections, does not produce anorexia after 
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injections into the nucleus accumbens. Clearcut and persistent 
appetite depressant effects are obtained after injections of 
amphetamine into the lateral hypothalamus. A dosage of at 
least 10 μ£ is needed with our methods. It is concluded that 
different brain sites are involved in the mediation of the self-
stimulation increasing and appetite depressant effects of 
amphetamine. The mechanism of appetite depression after 
intrahypothalamic microinjections is discussed. 

In chapter 7 the results of a localization study with morphine 
is described. It is argued that the effects of morphine on self-
stimulation are both relevant for the reinforcement mechanism 
induced by morphine and suitable for a localization study. In 
the first experiments it is shown that the effects of intraven
tricular and systemic injections are qualitatively similar both in 
naive and tolerant rats. In naive rats morphine produces a 
biphasic effect: the self-stimulation is depressed initially for 
about 2 hours followed by a strong increase in the self-
stimulation rate. In tolerant rats an increase is seen without the 
initial inhibition. In a second phase of this study the effects of 
injections into different areas of the brain were measured. 
Biphasic effects were again found in areas intermediate between 
the periaqueductal gray matter and the locus coeruleus on the 
one hand and the posterior hypothalamus and the ventral 
tegmentum on the other hand. Pure depressions were found 
after injections into the periaqueductal gray and the locus 
coeruleus whereas pure excitations were found after injections 
into the posterior hypothalamus and ventral tegmental area. A 
more detailed study with 1 μg morphine into the latter two 
structures revealed that the ventral tegmental area is actually 
mediating the excitatory effects of morphine on self-stimula
tion. The relation between the dopaminergic cell bodies located 
within this area and the morphine effects was further studied 
with cats. It was found with these animals that 10 μg morphine 
injected unilaterally into the area, where the dopaminergic cells 
are located, produces contralateral head orientations and 
dyskinetic movements. These results indicate that morphine is 
able to increase the activity of dopamine containing cells by an 
action near the perikaryons of these cells. The possible signi-

132 



ficance for the understanding of addiction behavior in man is 
briefly indicated. 

In the last chapter a model is discussed that can explain a 
number of issues discussed separately in previous chapters. In a 
global neural model the concepts of instinct, drive, incentive 
and reinforcement are related to each other as complementary 
parts in motivational processes. Operant behavior is interpreted 
as being the combined result of two classical conditioning 
mechanisms. One at the level of the input sites and one at the 
level of the output sites of the nervous system. The model 
explains how one and the same pathway can mediate rein
forcing stimulation, mediate motivation for operant perfor
mance and elicit instinctive behaviors. The model is consistent 
with existing theories that were not yet worked out to explain 
self-stimulation data. 
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SAMENVATTING 

De achtergronden en motieven voor het onderzoek, dat in dit 
proefschrift wordt beschreven, worden in hoofdstuk 1 uiteen
gezet. Een korte aanduiding wordt gegeven van de relatie tussen 
het verslavingsverschijnsel bij de mens en de vraagstelling die in 
dit proefschrift centraal staat, n.l. de vraag naar de structuren in 
de hersenen die de sterk belonende werking van stoffen als 
morphine en amphetamine mede kunnen veroorzaken. Hiervoor 
wordt gebruik gemaakt van het fenomeen dat ratten met 
electrodes, geplaatst in bepaalde delen van de hersenen regel
matig op een pedaal drukken indien deze pedaaldruk wordt 
gevolgd door een elektrische prikkeling via de geïmplanteerde 
electrode. Een korte historische beschrijving wordt gegeven van 
het onderzoek uit de periode 1954—1972 naar de zenuwvezels 
die deze belonende elektrische stimulatie aan andere delen van 
de hersenen doorgeven. Op basis hiervan wordt de aandacht 
gericht op één vezelsysteem, namelijk de zenuwvezels die 
dopamine als neurotransmitter bevatten. Van dit systeem stond 
nog niet geheel vast of dit betrokken is bij het doorgeven van de 
elektrische belonende prikkeling. 

In verband hiermee worden in hoofdstuk 2 experimenten be
sproken met de stof apomorphine. Deze stof is in staat 
dopamine na te doen op de dopamine gevoelige receptoren. De 
effecten worden beschreven van apomorphine injecties op zelf-
stimulatiegedrag van ratten met electrodes geplaatst in ver
schillende hersengebieden. Het bleek dat apomorphine op het 
eerste gezicht zeer variabele effecten had. Ongeveer de helft van 
de dieren hield volledig op met zelf-stimulatiegedrag terwijl de 
andere helft een zeer sterk verhoogde zelf-stimulatiesnelheid te 
zien gaf. De effecten bleken echter wel per dier reproduceerbaar 
te zijn. De plaats van de zelf-stimulatie electrode gaf geen 
duidelijke verklaring voor het optreden van de verschillende 
effecten. Lagere doseringen van apomorphine bleken geen om
kering van het effect teweeg te brengen zodat een overgevoelige 
reactie op apomorphine geen aannemelijke verklaring voor de 
verschillende zelf-stimulatie effecten kon zijn. In de discussie 
wordt betoogd dat een overname van de belonende werking van 
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de elektrische stimulatie door apomorphine de meest aan
nemelijke verklaring voor de verkregen effecten is. Deze over
name van het belonende effect zal volgens deze verklaring bij 
sommige dieren geleid hebben tot een sterke beloning van het 
pedaal drukken met als gevolg een verhoogde zelf-stimulatie-
snelheid terwijl bij andere dieren andere gedragingen beloond 
werden waardoor de zelf-stimulatiesnelheid geremd werd. Uit 
deze interpretatie volgt tevens dat de gegevens de hypothese 
ondersteunen dat de dopamine bevattende vezels inderdaad een 
belonend signaal kunnen doorgeven. Tenslotte worden in dit 
hoofdstuk de literatuurgegevens besproken die betrekking 
hebben op andere vezelsystemen, met name een noradrenaline 
en een serotonine bevattend vezelsysteem, die belonende 
effecten aan andere hersendelen kunnen doorgeven. 

In hoofdstuk 3 worden de consequenties van de veronderstelling 
dat apomorphine zelf belonende effecten heeft verder ge
analyseerd. De hypothese wordt uitgewerkt dat apomorphine 
bepaalde gedragspatronen kan laten herhalen, vermoedelijk 
doordat de werking van de stof de uitvoering van deze ge
dragingen beloont. Als gevolg daarvan worden de gedragingen 
voortdurend herhaald onder invloed van apomorphine. Zo 
bleken de dieren die wel onder invloed van apomorphine op de 
pedaal drukten voor de elektrische stimulatie gewoon door te 
drukken op de pedaal als de stroom werd weggenomen. Dit 
verschijnsel is een sterke ondersteuning voor de interpretatie dat 
apomorphine het belonende effect van de elektrische stimulatie 
vrijwel volledig overgenomen heeft. Ook in een andere situatie 
waarin een dier een bepaald gedrag uitvoert op het moment dat 
de drug in werking treedt werd een geconditioneerde 
perseveratie in de uitvoering van dit gedrag waargenomen. In 
deze situatie moesten de muizen zwemmen nadat de apo
morphine ingespoten was. Het bleek dat de muizen onder in
vloed van apomorphine bleven zwemmen ook als zij de gelegen
heid kregen het water te verlaten. Een aantal andere situaties 
worden beschreven waaruit blijkt dat de herhaling van een be
paald gedrag door de apomorphine geïnduceerde beloning niet 
onder alle omstandigheden kan worden waargenomen. Met 
name blijken bepaalde gedragingen zoals snuffelen, knagen en 
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hamsteren, die wij instinctieve gedragspatronen zullen noemen, 
naar voren te treden onder invloed van apomorphine zonder dat 
de omgeving daartoe aanleiding geeft. Bijvoorbeeld muizen die 
in een loopwieltje aan het rennen waren gingen niet door met 
rennen onder apomorphine maar hielden vaker op met rennen 
om de omgeving te besnuffelen. Ook ratten handhaafden een 
bepaalde houding niet, n.l. staan op de achterpoten hoewel er 
wel voor gezorgd werd dat deze houding moest worden aan
genomen gedurende de eerste vijf minuten na de apomorphine 
injectie. Het bleek tevens dat hamsters bepaalde materialen 
hamsteren o.i.v. apomorphine die zij normaal niet zouden 
hamsteren. 

In de discussie wordt aangetoond dat deze verschijnselen zeer 
goed verklaarbaar zijn met de bestaande theorie die zegt dat een 
belonende werking veroorzaakt wordt door die zenuwbanen in 
de hersenen die tevens bepaalde instinctieve gedragspatronen naar 
buiten kunnen laten treden. 

In hoofdstuk 4 worden experimenten beschreven met de stof 
haloperidol. Deze stof, die de dopamine gevoelige receptoren 
kan blokkeren, is toegediend op die plaatsen in de hersenen 
waar de dopamine bevattende zenuwvezels eindigen, n.l. de 
nucleus accumbens en de nucleus caudatus. Voor deze 
experimenten werden cannules in de hersenen van ratten ge
plaatst waardoor later lage doses haloperidol konden worden 
toegediend. Gevonden werd dat haloperidol, in lage doseringen 
(2.5 Mg) in de hersengebieden geïnjecteerd, het zelf-stimulatie 
gedrag remt. Argumenten worden aangevoerd dat indien deze 
remming berust op een remming van de belonende werking van 
de elektrische stimulatie, dit tot gevolg heeft dat de injecties in 
de hersenhelft waarin ook de electrode staat effectief zouden 
moeten zijn, terwijl injecties in de andere hersenhelft niet 
effectief mogen zijn. Het bleek echter dat zowel injecties in de 
hersenhelft waarin de electrode staat als injecties in de andere 
helft eenzelfde verlagend effect op de zelf-stimulatie te zien 
geven. 

Op basis hiervan wordt in de discussie besproken dat de 
remming door haloperidol niet berust op een vermindering van 
de belonende werking van de elektrische stimulatie maar dat 
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processen die van belang zijn bij de uitvoering van het gedrag 
om de beloning te verkrijgen geremd zijn. Hieruit en uit de 
gegevens beschreven in hoofdstuk 2 volgt dat de dopamine be
vattende vezelsystemen een dubbele rol lijken te spelen. Het 
schijnt én actief te zijn bij de uitvoering van het gedrag dat 
gericht is op het verkrijgen van de beloning èn het medieert de 
beloning zelf op het moment dat die verkregen wordt. Met 
andere woorden het zal met een theoretisch model uitgezocht 
moeten worden hoe een en dezelfde baan zowel motivationele 
als belonende activiteit aan andere hersendelen doorgeeft. 

Om aan te tonen dat de verslavende stof amphetamine een 
sterke invloed op het zelf-stimulatie gedrag en dus mogelijk op 
beloningen in het algemeen kan uitoefenen via een werking op 
het bovengenoemde dopamine bevattende vezelsysteem, werd 
amphetamine in lage doseringen ingespoten in die hersen-
gebieden waar de dopamine bevattende vezels eindigen, dus in 
de nucleus accumbens en het neostriatum. 

Er wordt in hoofdstuk 5 beschreven dat deze intracerebrale 
microinjecties van amphetamine een zeer sterk verhogend effect 
op het zelf-stimulatie gedrag hebben. Deze observatie onder
steunt de theorie dat de belonende werking van amphetamine 
berust op een vrijmaking van dopamine in de gebieden waar de 
dopamine gevoelige receptoren liggen. Deze gebieden zijn o.a. 
de nucleus accumbens en het neostriatum. 

Een andere zeer bekende werking van amphetamine is de 
eetlustremmende werking. In hoofdstuk 6 worden de experi
menten beschreven waarmee onderzocht werd of de nucleus 
accumbens en het neostriatum ook verantwoordelijk zijn voor 
de eetlustremmende werking van amphetamine. Hiertoe werden 
weer groepen ratten voorzien van permanent geïmplanteerde 
cannules. Vervolgens werd het effect gemeten van de injectie 
van lage doseringen amphetamine in bepaalde hersengebieden 
op het eetgedrag. Het bleek dat de nucleus accumbens en de 
nucleus caudatus niet de enig verantwoordelijke structuren 
konden zijn omdat geen blijvende eetlustremmende effecten 
konden worden aangetoond na amphetamine injecties in deze 
gebieden. Wel werden eetlustremmende effecten gevonden na 
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injecties in de laterale hypothalamus. In de discussie wordt 
verder ingegaan op een mogelijk mechanisme voor deze eetlust-
remming. 

In hoofdstuk 7 wordt de draad die moet leiden tot een ver
klaring voor de belonende of motivatie veranderende werking 
van verslavende stoffen weer opgevat. Aangezien de effecten op 
zelf-stimulatie gedrag de meest geschikte lijken te zijn om het 
aangrijpingspunt voor de belonende werking van morphine op te 
sporen werden in een serie experimenten deze effecten in de 
hersenen gelocaliseerd. Nadat morphine op vele plaatsen in de 
hersenen van ratten was ingespoten kwam vast te staan dat er 
twee gebieden zijn die aanzienlijke effecten mediëren van 
morphine op zelf-stimulatie gedrag. 

Het periaqueductale grijs en andere structuren langs de 
4e ventrikel zoals de locus coeruleus bleken een sterk remmende 
werking van morphine op zelf-stimulatie gedrag te mediëren. 
Daarentegen kon het gebied van de caudale hypothalamus tot 
en met het antérieur ventrale tegmentum worden aangemerkt 
als een gebied waar de exciterende effecten op de zelf-stimulatie 
worden gemedieerd. Een meer gedetailleerde localisatie met 
geringere hoeveelheden morphine in dit excitatie mediërende 
gebied toonde aan dat de excitatie juist verkregen wordt indien 
morphine ingespoten wordt vlak bij de dopamine bevattende 
cellen. Het blijkt dat injecties van morphine op enige afstand 
van deze cellen wel een zelf-stimulatie verhogende werking 
hebben, maar dan treedt dit effect pas na enige tijd op. Dit 
komt vermoedelijk doordat de morphine eerst naar deze 
dopamine bevattende cellen toe moet diffunderen. Uit de 
latentietijden is een diffusiesnelheid van morphine door het 
hersenweefsel afgeleid van 0.85 mm/uur. Om ook werkelijk aan 
te tonen dat de dopamine bevattende cellen de morphine 
excitatie mediëren werden experimenten met katten gedaan. Bij 
deze diersoort zijn n.l. een aantal effecten die door dopamine 
veroorzaakt worden reeds bekend. Uit de resultaten blijkt dat 
injecties van morphine in het dopamine bevattende celgebied bij 
katten effecten teweeg brengen die karakteristiek zijn voor een 
activatie van het dopamine systeem. 

Uit onze experimenten is dus naar voren gekomen dat 
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morphine evenals amphetamine een stimulerend effect heeft op 
het dopamine vezelsysteem. Echter, amphetamine doet dit door 
een werking aan de vezeluiteinden, terwijl morphine dit doet 
door een werking aan het beginpunt van het dopamine be
vattende vezelsysteem. Door de werkingen van morphine in de 
andere delen van de hersenen, waar de zelf-stimulatie depressie 
veroorzaakt wordt, is het nog niet mogelijk precies uit te maken 
welk aandeel de hierboven aangetoonde werking op dopamine 
bevattende vezelsystemen heeft bij de totstandkoming van ver
slaving. Mogelijk speelt het een belangrijke veroorzakende rol bij 
het hevige verlangen dat een verslaafde heeft om een nieuwe 
dosis heroine (nauw verwant aan morphine) te verkrijgen nog 
voordat de vorige dosis is uitgewerkt. 

In hoofdstuk 8 tenslotte wordt een model besproken waarmee 
een verklaring gegeven wordt voor enige theoretische problemen 
die in vorige hoofdstukken zijn aangesneden. Aan de hand van 
dit model wordt duidelijk gemaakt dat een en hetzelfde vezel
systeem een belonende werking, tevens een motiverende 
werking bij de uitvoering van het gedrag kan hebben en tevens 
bij sterke activiteit bepaalde instinctieve gedragingen naar buiten 
kan laten treden. Het model is gebaseerd op bestaande theorieën 
die nog niet tot in al hun consequenties, met name niet voor 
zelf-stimulatie gedrag, waren uitgewerkt. 

140 



CURRICULUM VITAE 

De auteur werd geboren op 3 juli 1949 te Nijmegen. In 1967 behaalde hij 
het diploma HBS-B aan het Canisius College te Nijmegen. In 1970 werd 
het kandidaatsexamen scheikunde (S2) afgelegd te Nijmegen, in 1973 
gevolgd door het doctoraalexamen met bijvakken biochemie (Prof. 
Bonting) en physiologische psychologie (Prof Vossen) en hoofdvak farma
cologie (Prof. Van Rossum). 
De auteur is sinds 1973 werkzaam op de afdeling farmacologie te Nijmegen 
waar het onderzoek beschreven m dit proefschrift kon worden uitgevoerd, 
mede dankzij subsidies toegekend aan Prof. Van Rossum (uit het beleids
ruimte projekt Hersenen en Gedrag) en Dr A R Cools (Fungo) 
De auteur is mede verantwoordelijk voor de volgende publicaties 

С. Broekkamp and J M. van Rossum, Clonidine induced intrahypotha-
lamic stimulation of eating in rats. Psychopharmacologia 25, 162 (1972). 

С L. E. Broekkamp, A. J. J. Pijnenburg and J. M. van Rossum, Dopami
nergic transmission in relation to mechanisms underlying stereotyped 
behavior. In Frontiers in catecholamine research (ed E. Usdin and S. H. 
Snyder), p. 675, Pergamon Press, New York (1973) 

С L. E. Broekkamp and J. M. van Rossum, Effects of apomorphine on 
self-stimulation behavior. Phychopharmacologia 34, 71 (1974). 

H. A. J. Struyker Boudier and С L. E. Broekkamp, Interactions of 
Clonidine with central adrenergic mechanisms, In Ipertensione Arteriosa 
(ed. A Zanchetti and E. Manno), p. 27, Boehrmger Ingelheim, Firenze-
Luglio (1974). 

A. R. Cools, H. J. Janssen and С. L. E. Broekkamp, The differential role of 
the caudate nucleus and the linear raphe nucleus in the initiation and 
the maintenance of morphine-induced behaviour in cats. Arch. int. 
Pharmacodyn. 210, 163 (1974). 

С L E. Broekkamp, W. M. M. Homg, A. I. Pauli and J M. van Rossum, 
Pharmacological suppression of eating behavior in relation to dience
phalic noradrenergic receptors, Life Sci 14, 473 (1974). 

A. R. Cools, С Broekkamp and H. Janssen, On the relation of neostnatal 
and linear nuclei to morphine-induced behavior in cats. J. de Pharm. 
(Pans) 5, suppl. 2, 20 (1974). 

J. M. van Rossum, A. J. J. Pijnenburg, A. R. Cools, C. L. E. Broekkamp 
and H A J Struyker Boudier, Behavioural pharmacology of the neo
striatum and the limbic striatum, In Neuropsychopharmacology, Proc. 
IXth Congress of C.I.N.P., Pans, p. 505, Excerpta Medica, Amsterdam 
(1974). 

С. L. E. Broekkamp and J. M. van Rossum, The effect of microinjections 
of morphine and halopendol into the neostnatum and the nucleus 
accumbens on self-stimulation behaviour. Arch. int. Pharmacodyn. 217, 
110(1975). 

141 



С. L. E. Broekkamp, A. J. J. Pijnenburg, A. R. Cools and J. M. van 
Rossum, The effect of microinjections of amphetamine into the neo
striatum and the nucleus accumbens on self-stimulation behaviour, 
Psychophaimacologia 42, 179 (1975). 

С L. E. Broekkamp, A. J. M. Weemaes and J. M. van Rossum, Does 
fenfluramine act via norfenfluramine? J. Pharmac. Pharmacol. 27, 
129(1975). 

С L. E. Broekkamp, H. A. J. Struyker Boudier and J. M. van Rossum, The 
involvement of catecholaminergic receptors in the regulation of feeding 
behavior, In: Recent advances in hypertension, part 2 (ed. P. Milliez and 
M. Safar), p. 99, Boehringer Ingelheim, Reims (1975). 

С L. E. Broekkamp, A. J. M. Weemaes and J. M. van Rossum, The influ
ence of intracerebral injections of noradrenaline, amphetamine, fenflu
ramine and norfenfluramine on feeding behaviour of rats, In: Recent 
advances in obesity research I (ed. A. Howard), p. 380, Newman Pubi., 
London (1975). 

C. L. E. Broekkamp, J. H. van den Bogaard, Η. J. Heynen, R. H. Rops, 
A. R. Cools and J. M. van Rossum, Separation of inhibiting and stimu
lating effects of morphine on self-stimulation behaviour by intracerebral 
microinjections, Europ. J. Pharmacol. 36, 443 (1976). 

С L. E. Broekkamp, The effects of manipulations with the dopaminergic 
system on self-stimulation behavior, In: Brain-Stimulation reward (ed. A. 
Wauquier and E. T. Rols), p. 194, North-Holland Publishing Сотр., 
Amsterdam (1976). 

H. A. J. Struyker Boudier, G. M. Broekkamp-Brouwer, С L. E. Broekkamp 
and J. M. van Rossum, Functional significance of hypothalamic nor
adrenaline in autonomic regulation in rats, In: Recent advances in Hyper
tension, Part 3 (ed. P. Milliez and M. Safar), Boehringer Ingelheim, 
Reims, In Press. 

142 







STELLINGEN 

I 

Ook wanneer een experimentele manipulatie een operant gedrag voor een 
positieve reinforcer verstoort en deze experimentele manipulatie hetzelfde 
operante gedrag ter vermijding van een negatieve reinforcer niet beïnvloedt, 
blijft het mogelijk dit te interpreteren als een effect op de motivatie ι ρ ν een 

effect op de effectiviteit van de positieve reinforcer 

Atrens et al , Psychopharmacology, 49, ρ 97, 1976 
Dit proefschrift 

II 

Het hevige verlangen van een heroïne verslaafde naar een nieuwe dosis herome 
kan beter verklaard worden met een direkte werking van de heroine of met 
een metabohet van herome die nog in het lichaam aanwezig is, dan met de 
gangbare veronderstelling dat de verslaafde pogingen doet de naderende 
abstinentie verschijnselen te vermijden 

Dit proefschrift 

III 

Door de psycho-analytische theone als niet wetenschappelijke theorie op een 
lijn te stellen met de astrologie op grond van de toepassing van zijn falsifiecr 
baarheidscritenum, lijkt het er eerder op dat Popper de wetenschap aan wil 
passen aan zijn wetenschapstheorie dan dat hij een wetenschapstheorie formu 
leert op grond van datgene wat reeds als wetenschap is erkend 

Popper, Conjectures and refutations, the growth of scientific knowledge Rout 
ledge and Kegan Paul, London 1963 

IV 

Ongeacht de kwaliteit van het beleid van een overheidsorgaan is het vaak 
moeilijk te vermijden dat de totstandkoming van een oordeel over dat beleid, 
zij het negatief door de tegenstanders, zij het positief door de ambtenaren 
van het beleidsorgaan zelf, vergelijkbaar is met de totstandkoming van bijge
lovig gedrag 





ν 

Het is een miskenning van de rol van genetisch aangelegde verbindingen in de 

hersenen om een uitspraak te doen omtrent het al dan niet operant conditio-

neerbaar zijn van viscerale activiteit ongeacht de reinforcer die daarvoor 

gebruikt wordt. 

Miller, Science 163, ρ 434, 1969. 

Cabanac en Serres, J. Comp. & Phys. Psychol., 90, ρ 435, 1976. 

VI 

Neurogene hypertensie als gevolg van hersenlesies bij proefdieren kan slechts 

dan als een chronische vorm van hypertensie worden beschouwd indien de 

bloeddruk, gemeten gedurende een volledig etmaal gemiddeld hoger is dan 

dat van de controle groep. 
Nathan en Reis, Cue. Res, 37, ρ 226, 1975 
Cowley et al., Cire Res 32, ρ 564, 1973. 

VII 

De twee infraroodabsorpties van alleen-complexen van zilver (I) en koper (I) 

in het gebied van 1650-1910 cm-l, die door Nagendrappa e a. toegeschreven 

worden aan de rekvibraties van de vrije en de gecoördineerde C=C dubbele 
band, kunnen toegeschreven worden aan de C=C rekvibratie van de onge
coördineerde C=C band en de boventoon van de buigvibratie van de C-H band 

Nagendrappa et al , J. Organomet Chem. 27, ρ 421, 1971 
Geciteerd in: Bowden en Giles, Coord. Chem. Rev ,20, ρ 81, 1976. 

VIII 

De Tupaya kan nachtblind zijn zonder aanzienlijke verkleining van de over

levingskans van de soort dankzij de onsmakelijkheid van zijn vlees. 

IX 

Het dient onderzocht te worden of de schade voor de gezondheid van de 

rookverslaving verminderd kan worden door sigaren en cigaretten op de 

markt te brengen met een verhoogd nicotine gehalte en gelijk gehouden dan 

wel verlaagd teergehalte; een verlaging van het nicotinegehalte kan in dit 

opzicht zelfs averechts werken. 

Nijmegen, 13 december 1976 CL.E. Broekkamp 








