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ABSTRACT 

Dopamine (DA) may mediate hedonic processes. However, possible 

motor effects must be distinguished from these hedonic effects. When 

two reward summation functions (RSF), a plot of rate of behavior versus 

log concentration of reinforcer, are compared, a horizontal displacement 

in the rise of the treatment function indicates an hedonic change, while 

a vertical displacement of the asymptote indicates a motor effect. The 

RSF method has been used with brain stimulation, but has not been tested 

with conventional reinforcers such as food or water. These experiments 

indicate that it is possible to apply RSFs to non-invasive techniques, 

and demonstrate the importance of examining both hedonic and motor 

effects. Doubling the effort required to press the bar affected only 

the vertical position of the function's asymptote, while adding quinine 

to the sugar solutions affected only the horizontal position of the 

asymptotic rise. Injection of 0.2 mg/kg pimozide, a specific DA 

antagonist, generated a function similar to the quinine function, 

indicating that pimozide altered hedonic quality of sucrose. 

vii 



CHAPTER 1 

INTRODUCTION 

Learning is a pervasive part of life since it is the most 

important mechanism by which animals adjust their behavior to a varying 

environment. But what learning is, and how it occurs remain elusive 

notions. One procedure for inducement of learning is operant condition

ing, which consists of acquiring an association between a stimulus and 

an antecendent response. Yet the scope, variety and complexity of 

operant conditioning implies that there is more involved in learning 

than mere association. Stimuli do not all act on behavior in the same 

way; there must be some quality to the stimulus that causes the organism 

to change its behavior; otherwise, the organisrr. might ignore it. 

Stimuli, ·including positive and negative reinforcers as well as punish

ers, have the power of altering the frequency of behavior, yet they each 

have different effects on behavior. With positive reinforcers animals 

will behave so as to increase probability of onset of the stimulus. 

Negative reinforcers cause animals to increase probability of offset of 

the stimulus. With punishers, animals behave so that probability of 

avoiding or escaping the stimulus is increased. Why do different 

stimuli have different effects on behavior? The answer lies in the 

hedonic quality of each stimulus. Those stimuli that increase amount of 

time during which the animal experiences that stimulus are assumed to 

possess a pleasurable or positive hedonic quality, while those that 
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reduce amount of time that the animal experiences that stimulus are 

assumed to have an aversive or negative hedonic quality. 

2 

Secondary reinforcers as well as primary reinforcers may possess 

hedonic value. This complicates matters considerably. How is it 

possible to study the nature of hedonic value if one must deal with both 

hedonic value of a primary reinforcer such as food, as well as hedonic 

value of a secondary reinforcer such as the click of a solenoid (or 

sight of a pellet appearing in the pan, or any of the other possible 

secondary reinforcers)? The problem would be helped considerably by 

eliminating all available secondary reinforcers. With conventional 

operant procedures this would be impossible, but with brain stimulation, 

electrical stimulation of the brain under operant control of the animal 

itself, it is possible to use a pure primary reinforcer to study 

hedonia. 

Physiological Evidence for Dopaminergic Reward Substrates 

Since discrete brain areas support self-stimulation (Olds, 

1956), a brain substrate mediating hedonic value may exist. Therefore 

researchers have attempted to define the nature of this substrate. 

Self-stimulation mapping indicates behavioral reinforcement is mediated 

by catecholamines (Crow, 1972; Ritter & Stein, 1973). Electrodes 

implanted in noradrenergic cells of the locus coeruleus and dopaminergic 

cells of the substantia nigra support vigorous self-stimulation 

(Robertson & Mogensen, 1978). Indeed, it is well documented that 

psychoactive drugs affect rates of self-stimulation (e.g. Crow, 1973; 
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Herberg, Stephens & Franklin, 1S76; Mora, Sanguinetti, Rolls & Shaw, 

1975; Rolls et al., 1974; Stein, Wise & Beluzzi, 1977). If psychoactive 

agents affected only self-stimulation behavior, then they might be 

construed as acting on some neural substrate unique to self-stimulation. 

However, they disrupt a variety of behaviors maintained by stimuli such 

as food, water and shock. These agents (e.g. neuroleptics) may 

therefore affect some final common pathway for all these behaviors. 

Wise (1981) claims that neuroleptics affect the reinforcing aspect of 

these reinforcers - the quality of pleasantness or aversiveness that we 

regard as hedonia - and that these hedonic changes cause organisms to 

change their rates of responding. 

One characteristic of brain areas that support self-stimulation 

is that they are controlled by the catecholamine neurotransmitters nor

epinephrine and dopamine. Drugs that enhance catecholamine activity 

such as amphetamine or cocaine enhance self-stimulation, while drugs 

such as chlorpromazine or alpha-methyl-para-tyrosine that inhibit 

catecholamine transmission inhibit self-stimulation (Stein, Wise & 

Beluzzi, 1977; Wauquier, 1976). In addition, when dopamine blockers are 

injected into one hemisphere, the animal stops responding for stimula

tion of that hemisphere but not the other hemisphere (Robertson & 

Mogenson, 1978). 

But this is not unequivocal evidence that dopamine mediates 

rewarding qualities (hedonic value) of reinforcers since there are other 

explanations for disruption of self-stimulation. Dopamine changes could 

cause arousal or attention deficits, sedation, or disrupt motor 
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function, such as ability to initiate voluntary movement or organize 

complex motor behaviors. The possibility that these drugs affect 

performance capacity must be examined before the assumption can be made 

that a dopamine antagonist disrupts self-stimulation by interfering with 

hedonic value. 

Behavioral Evidence for Dopaminergic Reward Substrates 

Rate-dependent paradigms 

If neuroleptics decrease hedonic value of a reinforcer, then the 

drugged animal should respond less or respond more slowly for a 

reinforcer than for the same reinforcer in an undrugged state. Rolls et 

al« (1974) showed that spiroperidol, a dopamine antagonist, caused a 

dose-dependent decrease in response rates for reinforcers such as self-

stimulation, food, or water. They showed that at doses impairing self-

stimulation, spiroperidol also disrupted bar pressing for food or water, 

while the same doses had negligible effects on eating and drinking in 

the home cage. Since presumably eating and drinking in the home cage 

are less difficult behaviors than bar pressing for food and water, they 

concluded spiroperidol did not decrease thirst or hunger and a motor 

impairment existed which increased as a function of response complexity. 

It could, however, be argued that the neuroleptic decreased the value of 

reinforcers so that the animal was no longer willing to respond for 

them, not that it was incapable of responding for them. 
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If operants can generate misleading results because of their 

motor difficulty, an easier response should be used to examine neuro

leptic effects. Licking is a relatively easy and stereotypic response 

(Corbit & Lus Chei, 1969) that is highly invariant, and the time between 

licks forms a precisely timed, multimodal distribution (Weijnen, 1977). 

Distribution of interlick intervals and duration of lick response are 

proposed to reflect motor abilities (Hsiao & Spencer, 1983) while 

proportion of pauses between bursts of licking are proposed to represent 

non-motor phenomena (Gramling, Fowler, & Collins, 1984). 

Gramling et al. (1984) compared effects of pimozide with effects 

of extinction on lick behavior since reduced hedonic value caused by 

neuroleptics should mimic lack of a reinforcer. Pimozide initially 

decreased rate of licking, but during later testing days this gradually 

reversed, unlike extinction which steadily decreased rate of licking. 

Pimozide also decreased interlick interval and decreased duration of 

lick response relative to control animals not receiving the drug, or 

those on an extinction schedule. The authors concluded that pimozide 

has significant motor effects on the lick response. However, recovery 

of responding seen with pimozide may reflect a growing drug tolerance 

since animals were injected and tested every 24 hours for eight days. 

Biological effects of a single dose of pimozide persist for at least 24 

hours, since the drug is highly lipophilic and highly protein bound 

(Baldessarini, 1980). 

In contrast, Xenakis & Sclafani (1981) examined effects of 

pimozide on licking and found that pimozide reduced consumption of 
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saccharin-glucose solution, decreased lick rate and reduced lick 

efficiency (volume consumed divided by number of licks in a session). 

Quinine added to the solution also affected these three variables in a 

similar manner. The authors interpreted these results as a demonstra

tion of pimozide's hedonic activity mimicking effects of quinine. 

Gramling & Fowler (1985) examined hedonic effects on lick 

behavior by shifting rats to either higher or lower concentrations of 

sucrose than they had been initially trained on. Animals shifted down 

from higher concentrations exhibited decreased rate of licking, 

decreased lick duration and increased proportion of long pauses. 

Animals shifted up from lower concentrations exhibited increased rate of 

licking, increased interlick intervals and increased proportion of long 

pauses. Both lick duration and interlick intervals are thought to 

represent motor effects, yet they showed different effects depending 

upon the direction of the hedonic shift. And proportion of long pauses, 

thought to represent non-motor effects, gave similar results regardless 

of the direction of the shift. The authors concluded that motor 

impairment cannot always be inferred from changes in interlick interval 

and lick duration. 

Mora et al. (1975) trained rats to bar press or lick a tube for 

self-stimulation. A dose of 0.062 mg/kg spiroperidol reduced both 

responses by about 90$. Since Rolls et al. (1974) had demonstrated that 

a dose of 0.1 mg/kg had minimal effects on licking for water, they 

argued that decreased licking for brain stimulation was not due to motor 

impairment. 
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An alternative paradigm for separation of motor and hedonic 

effects involves increased rate of responding rather than decreased rate 

of responding. Obviously, if the animal is responding faster than it 

did in the control condition, it could not be experiencing motor 

difficulty. The assumption that dopamine mediates reward function is 

consistent with effects of dopamine antagonists on the rewarding effects 

of amphetamine and cocaine. Rats working for intravenous injections of 

these chemicals respond as if dopamine antagonists reduce rewarding 

value of drug reinforcers (deWit & Wise, 1977; Yokel & Wise, 1975). 

When amount of rewarding injection is reduced, animals compensate by 

increasing their rate of response. A similar rate increase is seen 

after dopamine blockade. It appears that animals require higher 

amphetamine levels to be satisfied after dopamine blockade. But when 

comparing these two paradigms, it appears that either a decrease or an 

increase in the operant response rate is consistent with the dopamine 

reward hypothesis. Thus, rate of responding may be either positively or 

negatively correlated with hedonic value. 

Paradigms which incorporate both increased and decreased rates 

of responding still do not address this problem. Liebman & Butcher 

(1973; 1974) first showed that pimozide, a dopamine antagonist, 

decreased bar pressing for self-stimulation at response rates well below 

the maximum response rate produced by low amperage stimulation. Then, 

they demonstrated that this decrease of responding due to pimozide could 

be reversed by increasing the amperage available to the animal. Since 

animals increased their response rate for increased reinforcer, they 
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concluded that they were not experiencing any motor deficit and pimozide 

decreased reward value rather than motor ability. 

The defining property of a reinforcer is its ability to 

establish a response habit and alter its frequency of emission. If 

neuroleptics reduce hedonic value of a primary reinforcer then the 

reinforcer should lose at least some of its ability to establish a new 

habit. Will animals trained under neuroleptics acquire new response

stimulus associations? When given to animals during lever-press 

training for food, both haloperidol (Davis & Smith, 1975) and pimozide 

(Beninger & Phillips, 1980; Wise & Schwartz, 1981) disrupted acquisition 

of the response. The animals either failed to learn or learned much 

more slowly than control animals. 

Other paradigms have examined hedonics of aversive stimuli. In 

a shock-avoidance paradigm neuroleptics prevented the acquisition of 

aversive stimuli-response associations. During neuroleptic treatment, 

animals failed to avoid shock yet readily escaped shock when it was 

given (Beninger, Mason, Phillips & Fibiger, 1980; Poslun, 1962), 

evidence that they were capable of escaping shock, but that association 

of cue and shock had been disrupted. Yet if the aversive quality of 

shock had been decreased by neuroleptics, animals should not have 

escaped shock either. One possible explanation is that the drug reduced 

aversiveness of the conditioned stimulus more than it did aversiveness 

of the unconditioned stimulus. A direct way of testing this hypothesis 

would be quantitative comparisons of relative hedonic values of various 

reinforcers. Unfortunately this has not been done. Studies using 
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aversive stimuli other than shock generate similar results. Ranje & 

Ungerstedt (l977a,b) required rats to learn to swim an underwater maze. 

Both neuroleptic-treated animals and controls swam the maze at similar 

rates of speed, but drugged animals did not learn the cues that 

discriminated the more efficient way to safety. 

Extinction is a consequence of non-presentation of an uncon

ditioned stimulus. If reinforcement is withheld from well-trained 

animals, they respond for a short time at similar rates, but then 

responding gradually slows and eventually stops. Cessation of respond

ing also follows administration of neuroleptic agents (Gerber, Sing & 

Wise, 1981; Mason, Eeninger, Fibiger & Phillips, 1980; Tombaugh, Anisman 

& Tombaugh, 1980; Wise, Spindler, deWit & Gerber, 1978). Satiation does 

not explain these findings; animals under neuroleptic treatment reduced 

responding for saccharin or brain stimulation, non-satiating rein-

forcers, in a manner similar to extinction (Fouriezos, Hansson & Wise, 

1978; Fouriezos & Wise, 1976; Franklin, 1978; Franklin & McCoy, 1979; 

Wise, Spindler & Legault, 1978). The reinforcers appeared to have lost 

their reinforcing ability or hedonic value. 

When animals that have shown extinguished responding are 

presented with the same test conditions in the next test session, they 

will respond briefly even though they had ceased responding previously. 

This spontaneous recovery of responding also occurs after neuroleptic 

administration (Fouriezos & Wise, 1976; Yokel & Wise, 1976). Franklin & 

McCoy (1979) reasoned that if dopamine antagonist depression of self-

stimulation is due to impaired motor capability of the animal, then the 



animal should not respond again until it recovers from the drug. But if 

neuroleptics reduce rewarding effects of self-stimulation, then the 

animal should show spontaneous recovery of responding to a discrim

inative stimulus that had previously signalled availability of reward. 

To test this hypothesis they allowed rats to bar press to extinction. 

In the following test session, the animals received neuroleptics and 

were then presented with a discriminative stimulus. The rats did resume 

bar pressing, evidence that dopamine mediates the reward value of a 

reinforcer. 

Most of the preceding experiments were performed with animals on 

continuous schedules of reinforcement. On CRF schedules with neuro

leptics, no deficit appears in responding prior to the first reinforcer. 

Rather, response deficits begin after the first or first few reinforcers 

have been consumed. This has been interpreted by Wise (1982) as 

impairment of response maintenance rather than response initiation. But 

in partial reinforcement paradigms, responding is impaired before the 

first reinforcer is delivered (Gray & Wise, 1980; Tombaugh et al., 

1980). This impairment cannot be attributed to blunting of primary 

reinforcer, and would imply that neuroleptics affect both hedonic value 

of primary reinforcer and hedonic value of secondary reinforcers that 

reinforce responses occurring in the absence of primary reinforcement. 

Another paradigm used by Gallistel, Stellar & Bubis (1974) used 

reward summation functions to separate motor from hedonic effects. To 

understand this paradigm it is important to understand the nature of the 

stimulus that is being presented. Intracranial self-stimulation is a 
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short burst of relatively low amperage alternating current. The reward 

is delivered as a series of pulses of current; the duration of each 

pulse is constant while the number of pulses in each train may be 

variable. One train serves as one unit of reinforcer. Gallistel and 

his co-workers noted that when number of pulses per train was increased, 

animals bar pressed faster. Presumably this was a rate-dependent effect 

of variation of hedonic value. They plotted alley running speed as a 

function of train length and named it "reward summation function" (RSF) 

because it theoretically reflects synaptic summation that occurs in 

reward areas of the brain (Edmonds, Stellar & Gallistel, 1974). Edmonds 

& Gallistel (1974) tested effects of task difficulty on the RSF by 

comparing run times for alleys that had no slope or 7% slope. They also 

examined effects of practice, health, and agents that impair motor 

function (curare, methocarbamol and atropine) on the RSF. All these 

altered height of the function along the ordinate, but did not affect 

horizontal placement of the function along the abscissa. This indicated 

a change in motor capability because relative bar pressing rates were 

unaffected; animals simply ran slower for all reinforcers. However, 

when they decreased amperage of current, the function shifted to the 

right, indicating a change in hedonic quality of reinforcer. The 

animals could bar press just as fast but only did so for a reinforcer 

with increased train length. They concluded hedonic quality is mediated 

by amperage of brain stimulation (analogous to the tastiness of a given 

type of food pellet or concentration of sucrose reinforcer), while 

quantity of the reinforcer is mediated by train length of brain 
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stimulation (analogous to the size of the pellet or amount of sucrose 

solution per reinforcement) and that train length and current could be 

traded off to get similat rates of responding. Thus, one can determine 

from the direction of change in the RSF whether there was motor effect 

(vertical shift) or hedonic effect (horizontal shift). 

Franklin (1978) used this paradigm to dissociate motor from 

hedonic effects of pimozide. 0.1 mg/kg pimozide reduced running speed 

in an alley but gave n9 shift in the function to indicate change in 

hedonic value. 0.2 mg/kg did not further depress running speed, but did 

cause a 17- fold shift to the right in the function, indicating a 

change in reward value. 

Rate-free paradigms 

When response rates are high (thousands of responses per hour) 

as they are in self-stimulation, a small impairment of motor ability 

will measurably alter response rates. Also, increasing the current 

increases baseline response rate. Thus, "rate-free" paradigms are 

important in self-stimulation studies (Valenstein, 1964). Since the 

effects of neuroleptics are dependent upon baseline response rate 

(Fibiger, Carter & Phillips, 1976; Wauquier & Niemegeers, 1972) which 

are sensitive to changes in amperage, Fibiger et al. (1976) trained a 

group of animals to bar press on a variable interval schedule. On a CRF 

schedule, animals will respond at much higher rates for brain stimula

tion than for food. Thus, it has been assumed that self-stimulation has 
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a larger hedonic value than food. (Other observations such as persis

tence of responding to exhaustion, corroborate this.) The VI-60 

schedule produced comparable rates of responding for food and self-

stimulation, but haloperidol disrupted equally responding for both types 

of reward. It is unlikely that the drug reduced hedonic value of both 

reinforcers to the same extent. They concluded therefore, that 

haloperidol did not block the hedonic value of reinforcement. 

Neuroleptics also increase the threshold for self-stimulation so 

that higher amperage is necessary to sustain responding. That increased 

amperage can counteract the neuroleptic effects supports the anhedonic 

action of neuroleptics (Esposito, Faulkner & Kornetsky, 1979; Schaefer & 

Michael, 1979). The degree of necessary amperage increase is a function 

of neuroleptic dose. In a two-lever threshold reset task where the 

animal had to press a lever for brain stimulation that successively 

decreased in amperage, the animal then reset stimulation to a higher 

amperage by pressing a second lever, presumably when stimulation lost 

enough rewarding value to sustain bar pressing. The animal had minimal 

response demands and rate of responding was not a limiting factor. If 

hedonic value of the reinforcer was initially reduced by haloperidol, 

they should reset the lever sooner. Reset thresholds were higher for 

animals given haloperidol than for controls; that is, drugged animals 

reset the stimulation earlier than non-drugged animals. Since animals 

reset the stimulation earlier while in the drugged condition, their 

motor systems were probably not seriously impaired. 
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Shuttle box procedures have also been used to demonstrate 

rewarding impact of stimulation. The animal receives brain stimulation 

when on one side of the box and can go to the other side to avoid being 

stimulated. The amount of time spent on each side of the box is used as 

a measure of hedonic value. Neuroleptics decrease amount of time spent 

on the stimulation side to chance levels. Increasing the current while 

under neuroleptics restored the amount of time on the reinforced side to 

pre-drug levels (Liebman & Butcher, 1974). 

Researchers have had moderate success in defending the hedonic 

theory of neuroleptic action, but the issue is clearly not one of 

whether neuroleptics affect motor or hedonic pathways, but how both 

systems are affected. A paradigm is needed that separates both effects 

to examine their individual effects. The reward summation function is 

just such a paradigm. Research also demonstrates the continuous rather 

than dichotomous nature of neuroleptic anhedonic effects. To study 

continuous variables such as motor ability and hedonic value, again a 

paradigm such as the reward summation function is ideal. When rate of 

responding is plotted against concentration of a pleasurable reinforcer, 

the function consists of a positive slope that reaches an asymptote. 

Motor ability is defined as asymptotic rate of responding, while hedonic 

value is defined as point on the abscissa of the rising portion of the 

function. 



Brain Reinforcement Versus Conventional Reinforcement 

The reward summation function used by Gallistel et al. (1974) 

and Franklin (1978) used brain stimulation as the reinforcer. This is 

not without its drawbacks. Brain stimulation differs from more 

conventional reinforcers such as water, food, or saccharin in several 

ways. 
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Originally Olds (1956) argued that brain reinforcement and 

conventional reinforcers were essentially the same. Later research has 

pointed to a number of differences including more rapid decay of stimuli 

that control self-stimulation behavior (Lenzer, 1972) and procedural 

differences (Trowill, Panksepp & Gandelman, 1969) such as the need for 

priming. Mogensen and Cioe (1977) systematically reviewed differences 

between brain stimulation and conventional reinforcers in acquisition, 

extinction, secondary reinforcement, priming, intensity, persistence, 

partial reinforcement, and influence of drive state on self-stimulation. 

They concluded that self-stimulation did not differ substantially if 

allowance was made for methodological differences on which comparisons 

were made. But their conclusion does not mean that brain reinforcement 

and conventional reinforcers are equivalent. Rather, it indicates that 

even among conventional reinforcers there are substantial differences 

(Bolles, 1970; Shettleworth, 1972; Staddon & Simmelhag, 1971). In view 

of the similarities between conventional and brain reinforcers it may be 

wondered whether there are any advantages to using brain reinforcers 

that contribute to better understanding of mechanisms of reinforcement. 

Self-stimulation is easily reproducible from animal to animal, it is 



sustained during extended periods of testing and it is not accompanied 

by other obvious pathological signs (Olds, 1977)• It is the purest form 

of incentive whose effects have rapid onset and rapid offset (Mogenson & 

Cioe, 1977). There are no satiety effects. Another unique quality of 

self-stimulation is that it allows the experimenter direct access to 

neural substrates of reinforcement, and their relationships to memory, 

motor and perceptual systems (Gallistel, Rolls & Greene, 1969; Rolls, 

1972; Smith & Coons, 1970). 

Yet brain reinforcement is not without its drawbacks. Electri

cal stimulation activates other neuronal systems besides those involved 

in reinforcement. Stimulation may elicit other responses such as 

integrated consummatory responses, forced motor movements, autonomic 

changes (e.g. heart rate and blood pressure), or endocrine changes (e.g. 

elevated ACTH). Some of these may be totally independent of the 

reinforcing aspect of brain stimulation. 

Brain Dopamine Pathways 

Because of the close juxtaposition of many diverse systems in 

the CNS, it is important to understand where dopamine pathways in the 

CNS are found. The interrelation of motor and hedonic effects must be 

fully appreciated because of attempts to define a discrete reward 

substrate. Dopamine does not mediate only one brain function; it is 

involved in many central processes. 

There are two principal ascending dopamine systems in the CNS 

(see Figure 1). Dopamine-synthesizing neurons are found in the pars 



compacts of the substantia nigra and in the ventral tegmental area. The 

neurons in these areas project axons in a more or less topographical 

fashion to higher brain areas. One system, the nigrostriatal dopamine 

pathway that originates in cell groups A8 and A9 of the substantia 

nigra, runs through the dorsal part of the medial forebrain bundle (MFB) 

and internal capsule, and innervates the corpus striatum (caudate 

nucleus, putamen, and globus pallidus). The other tract, the mesolimbic 

dopamine pathway that originates in cell group A10 of the ventral 

tegmental area of the midbrain medial to the substantia nigra, runs 

parallel with the nigrostriatal tract in the MFB. The latter mainly 

innervates the olfactory tubercle and limbic regions which include the 

amygdala, frontal cortex and entorhinal cortex. 

The nigrostriatal dopamine pathway is important for posture and 

movement and decreased dopamine in the striatum due to neuronal 

degeneration of substantia nigra nuclei leads to the movement disorder 

of paralysis agitans (Parkinson's disease) (Ungerstedt, 1971). Three 

fourths of brain dopamine is in the nigrostriatal pathway (Moore & 

Bloom, 1978). The function of the mesocortical pathway is less clearly 

defined. Though it contains less dopamine than the nigrostriatal 

pathway, its projections are much more diffuse throughout the frontal 

and entorhinal cortices and the amygdala. Since projections are 

scattered widely through the limbic system, it is thought that this is 

the system that mediates hedonic value (Wise, 1981) as well as planning 

and initiation of movement (Heimer, 1983)• The dorsal part of the 

striatum (caudate and putamen) is associated with sensorimotor and 
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sensory association cortices, while the ventral striatum, part of the 

mesolimbic dopaminergic system, is more closely linked with the limbic 

system. Since both dorsal and ventral striatal systems have thalamic 

projections which eventually affect descending corticospinal motor 

tracts, the dorsal striatopallidal system may play a large role in 

initiation of motor events originating from cognition and the ventral 

striatopallidal system probably has a role in control of motor activites 

originating from motivation (DeLong & Georgopoulos, 1981). 

To complicate matters further, the MFB is not a purely dopamin

ergic tract. It also contains serotonergic and noradrenergic neurons 

(iversen & Iversen, 1981). Studies using self-stimulation reinforcement 

frequently implant electrodes in MFB, but because of the heterogeneity 

of these neurons, it is impossible to state that only the dopamine 

pathways, much less only the mesolimbic pathway is being activated. 

Perhaps part of the reason self-stimulation is such a vigorous behavior 

is due to stimulation of these other pathways affecting motor cortex. 

Since norephinephrine is diffusely found in the brain, and many of these 

projections pass through MFB as well, stimulation of MFE is not discrete 

at all - it activates a great deal of the brain in a general fashion. 

Purpose of the Experiments 

The following experiments will demonstrate that motor effects 

may be dissociated from hedonic effects by using the reward summation 

function paradigm. When lever pressing rate is plotted as a function of 

log sucrose molarity a change in motor ability will appear as an overall 
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decrease in ordinate height of the function's asymptote, while an 

hedonic change will appear as a horizontal change in position of the 

function's abscissa. Since the dopamine antagonist pimozide affects 

both motor and reward dopamine pathways, animals injected with pimozide 

should generate a function with both decreased height (motor effect) and 

a shift to the right (hedonic effect). 

These experiments also demonstrate that a conventional operant 

(lever pressing for sucrose solution) may be used with the RSF paradigm. 

The hedonic values of other reinforcers can now be compared to each 

other and to that of brain stimulation. As mentioned previously, this 

topic has not been explored. The relative reinforcing abilities of 

various reinforcers has been defined, but there is not absolute index of 

their hedonic values. The parameters of reinforcers obviously vary, and 

if these can be defined, our knowledge of motivated behavior will be 

greatly enhanced. 



CHAPTER 2 

EXPERIMENT ONE: MOTOR EFFECTS OF TASK DIFFICULTY 

Method 

Subjects 

Eighteen naive male Sprague-Dawley rats from the University of 

Arizona Animal Resources were used. At the beginning of the experiment 

they were three months old and weighed between 300 and 350 g. 

Apparatus 

Two conventional rodent operant chambers were modified to 

deliver 0.01 ml of liquid through a sipper tube contingent upon pressing 

a lever. The lever was 7 cm above the chamber floor and the sipper tube 

was 3 cm above the lever. A Data General Micronova MP/200 computer 

(model 6039) recorded responses made in the testing period and summariz

ed the data. 

Procedure 

All animals were housed in conventional stainless steel wire 

mesh cages with a 12:12 light-dark cycle. All animals had water ad lib 

and enough laboratory rodent chow after each day's test session to 

maintain 85% of normal body weight. 

Each rat was placed in an operant chamber overnight for self-

shaping of the lever-press response with 0.4 M sucrose reinforcer. 

Thirteen animals learned the response in one overnight session. Three 
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animals required two sessions and two animals required three sessions to 

acquire the response. 

Rats were then familiarized with all concentrations of rein

forcer. On each of the next eight days the rats received one of the 

eight concentrations of sucrose used in Experiment One (0.025, 0.05, 

0.1, 0.3, 0.5, 0.7, 0.9, 1.1 M) in random order. By the eighth day, 

each rat had received once each of the concentrations. 

For the control condition, the weight required to depress the 

lever was 30 g. On each of the next eight days rats were tested for 5.0 

min according to a randomized block design. Rats were randomly assigned 

each day to operant chambers. 

For the increased task difficulty condition the lever had 

weights added to its counterbalance mechanism so that 60 g of weight 

were needed to depress the lever. Pilot work showed that the maximum 

weight rats were able to press was approximately 90 g, so the 60 g task 

was difficult, while still within the rats' abilities. The rats were 

then all tested using the same order of presentation that was used in 

the control procedure. A two-way within subjects analysis of variance 

(ANOVA) was performed on the data, examining the effects of sucrose 

concentration, task difficulty and their interaction on the rate of 

responding. 

Results 

Figure 2 illustrates the results of making the task more 

difficult by adding weight to the lever. Doubling the amount of weight 



needed to displace the lever caused a significant increase in mean rate 

of responding, _F(1,17) = 7*47, jo < .05. Also, increasing the concentra

tion of sucrose caused a significant increase in mean rate of respond

ing, _F(7,119) = 9.27, _£ < .0001. There was no significant interaction 

between task difficulty and sucrose concentration despite the similarity 

of response rates in the two task conditions for the two lower molar

ities. 

Discussion 

Edmonds & Gallistel (1974) found that increasing the slope of 

the alley in which rats had to run reduced their running speed. This is 

different from the results of this experiment which showed an increase 

in response rate for increased task difficulty. Yet this in not an 

unprecedented result. Spen'ce (1956) and Schraeck & Bruning (1976) 

predicted that frustration would produce an increase in general drive 

level and that this would generate an increased response rate. Human 

subjects report increased "interest" (Horn & Maxwell, 1983) and increased 

"energization" (Wright & Erehm, 1984) for difficult versus easy motor 

tasks. The results of this experiment could be explained as due to an 

increased "cost" of responding which generated frustration and increased 

drive, which in turn would cause an increase in response rate. The 

animals are sucrose deprived, but not water deprived, so at those 

molarities indistinguishable from water (0.025 and 0.05 M) there is no 

increase in drive due to frustration and therefore, no increase in 

responding. 
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The function showed a clear change only along the vertical axis. 

The animals did not increase their rate of response for lower molar

ities, an expected result since these are near threshold, for taste 

perception. But for those sucrose solutions above threshold rate of 

responding did increase, and there is a vertical displacement between 

the asympotes of the two functions. These data show that task diffi

culty is expressed as a change in the reward summation function along 

the ordinate and not the abscissa. 



CHAPTER 3 

EXPERIMENT TWO: HEDONIC EFFECTS OF QUININE ADULTERATION 

Method 

Subjects 

The same 18 rats used in Experiment One were used in this 

experiment. 

Apparatus 

The apparatus from Experiment One was used to collect data in 

this experiment. 

Procedure 

For the altered hedonic quality condition, 0.05% quinine was 

added to each of the sucrose solutions (0.025, 0.05» 0.1, 0.3, 0.5, 0.7, 

0.9, 1.1 M). Pilot work then showed that the highest concentration used 

in Experiment One was not high enough to compensate for the aversive 

quality of the quinine and animals responding was suppressed at all 

molarities. Therefore various molarities were tested and eventually 1.7 

and 2.3 K concentrations were added to the experiment. Concentrations 

higher than 2.3 M could not be used because they were too viscous to 

flow properly through the apparatus tubing. For the control condition 

data for 1.7 and 2.3 M sucrose were collected and added to data from the 

control condition of the first experiment. 

Animals were then familiarized with all the quinine-sucrose 

solutions. On each of the next ten days the rats received one of the 
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ten concentrations used in Experiment Two (0.025, 0.05, 0.1, 0.3, 0.5, 

0.7, 0.9, 1.1, 1.7, 2.3 M). By the tenth day, each rat had received 

once each of the quinine-sucrose solutions. 

On each of the next ten days rats received one concentration of 

reinforcer according to a randomized block design. The order in which 

rats were tested and the chamber in which they were placed were randomly 

assigned. The data were analysed using a two-way within subjects 

analysis of variance (AN0VA). 

Results 

Figure 3 demonstrates that quinine added to the solutions 

decreased rate of responding for sucrose. Adding quinine to sucrose 

caused a significant decrease in mean rate of responding, _F(1,17) = 

41.32, p < .0001. Increased concentration of sucrose caused a signifi

cant increase in mean rate of responding, ̂ (9,153) = 6.70, ]? < .0001 . 

There was a significant interaction between addition of quinine and 

sucrose concentration, _F(9,153) = 2.31, _P < *05. 

Discussion 

When a sweet reinforcer, the sugar solution, was altered to give 

it a bitter quality as well as a sweet quality via the addition of 

quinine, rats bar pressed at slower rates than for control solutions 

which had no quinine. The exception was for molarities of 0.9 M and 

greater. The rats bar pressed at progressively faster rates until at 



the 2.3 M solution they were pressing as fast as they did for a non

adulterated reinforcer. 

The difference in rate of responding seen in Figure 3 at low 

molarities reflects the aversive quality of quinine. This negative 

hedonic value suppressed responding uniformly until sucrose concentra

tion exceeded 1.1 M, at which point responding increased rapidly to 

rates found in the control condition. 

28 

Peak preference, indicated by rate of pressing, is at 0.9 M for 

sucrose-only solutions, yet this peak was shifted to 2.3 M with quinine

sucrose solutions. Thus, the concentration for which animals responded 

fastest was shifted to the right relative to the value value in the 

control condition. At these high molarities the positive hedonic value 

of sucrose exceeded the negative hedonic value of quinine and the rats 

pressed just as fast for a 2.3 M quinine-sucrose solution as they did 

for a 0.9 M sucrose-only solution. Therefore, the effects of altering 

the hedonic quality of a primary reinforcer are seen as a horizontal 

shift along the abscissa of peak bar pressing rate. Moreover, the 

significant interaction effect indicates that the two RSFs are not 

parallel. The nature of interaction of various hedonic qualities (in 

this case, quinine and sucrose) has been assumed to be additive. Purely 

additive components should generate similar slopes if they are of 

equivalent hedonic values. This further illustrates the need for 

quantitative analysis of hedonic reinforcers. With knowledge of 



29 

27.5 

25.0 

-• quinine 
•o control 

22.5 

a 
£ 20.0 

</> O) co 

17.5 

S" « o 
(U 
0c 

,2 12.5 
IZ 

W> 
.E 10.0 

</> 
V) 

re 
00 

7.5 

5.0 

2.5 

4. J. X 
0.025 0.05 0.1 0.3 O.J 0.7 0,9 1.1 

Log Sucrose Concentration (Molar) 

1.7 2.3 

Figure 3. Hedonic effects of reinforcer adulteration. Rats mean rate of 
responding was significantly decreased (p < .0001, N = 18) for 
solutions that had .05$ quinine added to then, unless the 
solution contained enough sucrose to counteract the bitter 
taste (2.3 M). 



relative value of reinforcers the sum of hedonic values acting in the 

paradigm could be assessed and accurate prediction of the function be 

made. 



CHAPTER 4 

EXPERIMENT THREE: EFFECTS OF DOPAMINE BLOCKADE 

Method 

Subjects 

The 18 rats used in Experiment One were the subjects in this 

experiment. 

Apparatus 

The operant chambers and computer used in Experiment One were 

also used in this experiment. 

Procedure 

To ensure that response rate was not altered due to the 

injection procedure, animals were given an intraperitoneal injection of 

the pimozide vehicle, 3% tartaric acid solution, in a volume equal to 

that of the pimozide dosage, four hours prior to testing. Sucrose 

concentrations used in the previous experiments were used. They were 

then tested for 5.0 min in a randomized block design every third day to 

allow enough time for the drug to be metabolized. Pimozide requires at 

least 24 hours to be cleared from the system. A two-way within subjects 

analysis of variance (ANOVA) was performed on the data. 

To examine the effects of the dopamine antagonist pimozide on 

response rates animals were injected intraperitoneally with 0.2 mg/kg 

pimozide in 3% tartaric acid four hours prior to testing. Animals were 
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tested every third day in a randomized block design using the same 

levels of sucrose solution that were used in the control procedure. A 

two-way within subjects analysis of variance (ANOVA) was performed on 

the data. 

Results 
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Figure 4 illustrates that receiving an injection of tartaric 

acid did not significantly affect rate of responding for sucrose 

solutions. In the comparison control condition animals did not receive 

injections (data from Experiment Two). As molarity increased, rate of 

responding for sucrose increased significantly, F(9,153) = 3.06, E < 

.05). Vehicle injection did not significantly interact with concentra

tion of sucrose. 

Figure 5 illustrates effects of pimozide on response rate for 

sucrose. After pimozide injection, mean rate of responding 

significantly decreased, F(1,17) = 27.32, p < .0001. As molarity 

increased, mean rate of responding increased significantly, !(9,153) 

5.87, g < .0001. Pimozide interacted significantly with molarity, 

F(9,153) = 2.41, p < .05. 

Discussion 

Injection of 0.2 mg/kg pimozide altered hedonic quality of 

sucrose as a primary reinforcer since rats injected with pimozide 

responded less for molarities less than 1 .1 M than they did when they 

were injected with the tartaric acid vehicle. Yet rats did bar press at 
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normal rates for solutions greater than 1.1 M which demonstrates that at 

this dosage they did not suffer from a significant motor impairment. 

They were still quite capable of responding normally. 

That the rats responded at normal rates only for 1. 7 and 2.3 M 

solutions rather than for lower molarities is in agreement with the 

theory that neuroleptics like pimozide will decrease hedonic quality of 

the reinforcer. If they had suffered from motor impairment, they would 

not have shown normal responding for 1.7 and 2.3 M solutions. If 

pimozide had not altered hedonic quality of solutions then the graph 

would not have shown decreased responding for lower molar solutions. 

Both tartaric acid and pimozide-tartaric acid solutions are 

quite acidic due to the difficulty of dissolving pimozide in a physiol

ogically neutral pH solution. The pH of the pimozide solution used in 

this experiment was 2.00. But apparently this did not have an effect on 

the animals since only small volumes were injected (on the order of 0.3 

ml) and the injections took place four hours prior to testing. 



CHAPTER 5 

GENERAL DISCUSSION 

Experiment One showed that increasing the physical difficulty of 

responding generated a function with an increased asymptotic response 

rate. The rates of responding were similar for solutions of sucrose 

that were very weak and at or near the rat's threshold of detection, and 

thus the position of the rise of the function did not shift along the 

abscissa. These results demonstrate the specific action of motor 

effects on the ordinate, but not the abscissa of the function. Why the 

function should have Bhown an increase in response rate for a more 

difficult task and not a decrease seems unexplainable at this point, but 

may reflect an increased drive level due to frustration. 

Experiment Two showed that altering hedonic value of a rein-

forcer generates a function with a similar peak level of responding, but 

with a different x—axis. Thus a change in hedonic value is expressed 

along the abscissa but not the ordinate. The function for quinine-

sucrose unfortunately does not demonstrate a true asymptote due to 

inability of the apparatus to accomodate more viscous solutions. In 

this paradigm peak levels should be verified as true asymptotes, but the 

results do demonstrate that motor function is not impaired. 

Experiment Three illustrated the effect of a dopamine blocker, 

pimozide, on the reward summation function. Pimozide generated a 
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function similar to quinine's (see Figure 6), indicating that at 0.2 

mg/kg pimozide has a purely hedonic action. Wise (1982) reported that 

at low doses (less than 0.1 mg/kg) neuroleptics cause a slight motor 

effect with virtually no hedonic effect. At doses between 0.1 and 1.0 

mg/kg there is an asymmetrical increase in hedonic activity with 

relatively little increase in motor impairment. With doses greater than 

about 0.6 to 1.0 mg/kg there is an increase in motor impairment to the 

point of catalepsy. 

The results of these three experiments demonstrate that motor 

effects can be dissociated from hedonic effects. Other researchers have 

attempted to solve the problem of motor effects confounding hedonic 

effects by directly controlling the motor effect. However, neuroleptic 

drugs do affect motor systems in the CNS and it is of greater benefit to 

measure these effects rather than control them. We believe that this 

group of experiments has unequivocally accomplished this. 

What is the exact nature of this hedonic blunting? That remains 

to be examined in future research. The reward summation function 

paradigm would be a useful tool in that regard. It may be that hedonia 

can be examined using an economic model. The "cost" of response in 

terms of the perceived effort may exceed the "benefit" of reinforcer in 

terms of perceived hedonic pleasure. Thus the animal may still have 

incentive to respond, i.e. know of the pleasure to be derived from food 

it receives if it presses a lever 20 times, yet still not respond 

because it judges the cost of the effort to be not worth the reward, 
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even though it is still quite capable of responding, this interpreta

tion would explain why in the home cage under the same drug the animal 

will eat the pellet, even though it will not respond in the operant 

chamber, because all it has to do is pick it up and consume it. the 

actual extra energy expended in bar pressing 20 times is not enough to 

explain the differences in consumption, rather, the answer probably 

lies in the notion of the perceived costs and benefits rather than the 

actual costs and benefits, this is exactly what hedonia is - the 

perceived pleasure to be derived from the consumption of food, if 

neuroleptics decrease amount of perceived pleasure to be received from a 

reinforcer, then responding will depend upon what amount of perceived 

effort is involved in getting the reinforcer. if cost is not too high, 

then the animal will still respond, conversely, if hedonic pleasure in 

the reinforcer is increased enough, that is, enough to overcome 

neuroleptic blunting, the animal will start to respond again, this is 

precisely what was found in the quinine and pimozide functions, animals 

responded just as fast as they did in control conditions, but the 

reinforcers for which they responded had to be much sweeter, this shift 

in responding under neuroleptic condition was remarkably similar to the 

shift found when quinine was added to the reinforcer (see figure 6). 

The reward summation function allows researchers to examine 

separately the multiple effects of neuroleptic drugs. While the short-

term action of these agents is fairly well studied, there are relatively 

few reports of their long-term effects. Virtually nothing has been done 

to examine the nature of hedonic changes that occur with chronic 
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neuroleptic use, such as that experienced by patients using anti

psychotic medications. RSFs could be used as a tool to examine these 

hedonic changes. The nature of these chronic changes needs further 

inve s tiga tion. 

Affective disorders, too, could involve hedonic changes and 

reward summation functions would be a useful way of examining these 

changes. When compared to functions derived from control patients, 

shape of the function could indicate to what degree a patient is 

experiencing hedonic blunting of normally reinforcing agents in his or 

her life. 

Aging patients, and those with Parkinson's syndrome also 

experience decreased pleasure from normally satisfying elements of their 

environment. These changes probably are due to changes in dopamine 

availability in the mesolimbic area of the CNS and measurable by a 

reward summation function. With a quantitative measure, a more accurate 

record of hedonic changes in geriatric patients could be kept, an index 

of the "quality of life" as it were. This would be more accurate than 

patients' verbal reports since memory impairment is often present as 

well. The hedonic component of the RSF is much like a threshold 

detection task in this regard. 

The reward summation function paradigm is a useful tool for 

examining hedonic and motor effects of central dopamine disturbance 

without using invasive procedures. It is adaptable to many different 

types of reinforcers and indeed, the ideal tool for comparing the 
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relative hedonic values of these reinforcers. It provides a quantita

tive measure of hedonic value (the slope of the function). It would be 

readily adaptable to human use and can provide an unbiased estimation of 

hedonic changes occurring in patients with dopamine impairment or 

affective disorders. 
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