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ABSTRACT

t The behavioral effects of 2.0-16.0 mg/kg of methylphenidate

(Ritalin) and phenylisohydointoin (Pemoline) administered orally on

key-pecking reinforced under a fixed-interval (FI) 120-sec schedule

for food in homing pigeons were studied. The behavioral effects of

both methylphenidate and pheylisohydointoin were dose dependent:

Response rates increased at dosages of 4.0, 8.0, and 16 mg/kg. The

response-rate changes during the FI are in accord with the

rate-dependency hypothesis. Ritalin increased responding at 16

mg/kg differently than 8 mg/kg which was also different than 4

mg/kg. Pemoline on the otherhand increased responding over baseline,

yet 4, 8, and 16 mg/kg all had the same effect. Pemoline and Ritalin

at 2 mg/kg did not affect responding.
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Introduction and Literature Review

ft

Hyperactivity is currently viewed as an Attention Deficit

Disorder (ADD) by the American Psychiatric Association (DSM III,

1980). It is characterized by impulsiveness, a short attention span

and excessive activity which is both aimless and pervasive in all

settings. The relatively high prevalence rate among school age

children (3-5%) and the nature of the disorder have generated

increased interest in establishing and understanding effective

treatments. The two most wide spread treatments for ADD with

hyperactivity in children have been behavior therapy and 

psychopharmacological treatment. The latter typically involves the 

prescription of stimulant medication including d-amphetamine, 

Pemoline, or Ritalin for children older than six years of age (Connors,

1973). Successful treatment of hyperactivity is increased when 

♦ behavior therapy is used in conjunction with drug therapy.
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Ritalin and Pemoline are the most commonly used

non-amphetamine drugs (Barkley, 1986). Ritalin and Pemoline are

• regulated under the Federal Control Substance Act of 1970. Pemoline

is a relatively newer drug which has not been approved by the Food

and Drug Administration causing many difficulties in obtaining this 

drug for experimentation purposes. There has been much clinical

documentation of both drugs; however, knowlege of the physiological

mechanisms and behavioral effects of the drugs is limited. Thus,

studies in both these areas are being conducted for a better

understanding of the function of these central nervous system

stimulants (CNS). It is ironic that stimulants have been used

effectively to control hyperactive behavior, although a wide

individual variation in responsiveness to the drugs has been reported.

Ritalin (methylphenidate hydrochloride) is produced by Ciba

Pharmaceuticals. Ritalin is a piperdine-derivative. The drug occurs

♦ as a fine, white, odorless, crystalline powder and is freely soluble in 

water and alcohol making administration by all routes very easy
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(Barnhart, 1988). It appears to be well absorbed from the 

gastro-intestinal tract, and effects persist for 3-6 hours after oral

administration of conventional tablets (Loebl and Sprato, 1986). The

extent of Ritalin distribution in man is unknown. Following

administration of radiolabeled methylphenidate hydrochloride,

approximately 50%, 80%, and 95% of the dose was recovered as

metabolites in urine within 6, 24, and 90 hours, respectively (AHFS,

1987).

The most frequent adverse effects of Ritalin appear to be

dose-related and include nervousness and insomnia, which can usually

be controlled by reducing the dosage and by administering the drug

only during the early hours of the day (MDE, 1977). Other adverse

effects include anorexia, nausea, abdominal pain, dryness of the

throat, dizziness, palpitation, headaches, motor restlessness,

impairment of voluntary movement, and drowsiness. Increased heart

rate of over 100 beats per minute, alterations in the hearts normal

rhythm of beat, and an increase or decrease in blood pressure and
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pulse rate may occur. Hypersensitivity reactions including rash, 

vascular reactions of the skin marked by elevated red patches, fever,

H pain in joints, exfoliative dermatitis, congestion of the capillaries

causing a redness of the skin and/or anemia and a few cases of hair

loss have been reported, but a causal relationship has not been 

established. Excessive rapidity in the action of the heart, abdominal

pain, insomnia, anorexia, and weight loss appear to occur more 

frequently in children than adults (Loebl and Spratto, 1986). Ritalin 

has increased tolerance and physiological dependence with patients 

taking excessive dosages. Varying degrees of abnormal behavior such 

as psychotic episodes including hallucinations can also occur when 

taking excessive amount of Ritalin. The possibility of psychological 

or physical dependence should also be considered (AHFS, 1987). 

Ritalin should be used with caution in patients with a history of 

seizures and/or EEG abnormalities. There is some evidence that the 

drug may lower the seizure threshold (Barnhart, 1988).

•

Pemoline (phenylisohydointoin) is an oxazolidinone-derivative
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stimulant. The drug occurs as a fine, white crystaline powder and is

very slightly soluble in water and slightly soluble in alcohol (PDR, 

W 1988). Pharmacologic action of Pemoline includes CNS and

respiratory stimulation. The mechanism(s) and site(s) of action of

Pemoline in humans have not been determined. Pemoline may produce

an increase in motor activity, mental alertness, diminished sense of

fatigue and mild euphoria. The drug apparently may cause anorexia, or

a decrease in appetite. In usual therapeutic dosage, pemoline

exhibits no substantial effects on the peripheral circulatory system.

It is absorbed from the Gl tract; peak serum concentrations are

achieved within 2-4 hours. When pemoline is administered to

children in the treatment of ADD, the drug has a gradual onset of

action and therapeutic effects may not be apparent until after two or 

three weeks of therapy (Loebl and Spratto, 1986). More than 50%

of a single dose of pemoline is metabolized (at least partly in the

liver) to pemoline dione, pemoline glucuconide, mandelic acid and

• other unidentified metabolites. Pemoline and its metabolites are

excreted primarily in urine: only negligible amounts are excreted in
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feces. The manufacturer (Abbott) states that about 75% of an oral

dose is excreted in urine within 24 hours, about 43% is excreted

W unchanged, and about 22% is excreted as pemoline conjugates (AHFS,

1987) .

The most frequent adverse effects of Pemoline appear to be dose-

related and include anorexia and, similar to methylphenidate,

insomnia. Mild adverse reactions occurring early in treatment with

pemoline often disappear with continued therapy (Dun-Donnelly,

1988) . Pemoline induced anorexia may be accompanied by weight loss,

particularly during the first few weeks of therapy. With continuing

therapy, a return to a normal weight curve usually occurs within 3-6

months. Stomach ache, nausea, and diarrhea may also occur in

patients receiving the drug (AHFS, 1987). Besides Pemoline-induced

insomnia, other adverse nervous system effects include seizures;

impaired movements of the tongue, lips, face and extremities; 

• abnormal movements of the eye along the antero-posterior axis;

irritability; fatigue; mild mental depression; dizziness; headaches;
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drowsiness; malaise; nervousness, and hallucinations (Dun-Donnelly,

1977). Prolonged administration of Pemoline and Ritalin to children

with ADD has been associated with temporary suppression of normal

weight and/or height patterns in some patients. Although a causal

relationship has not been definitely established, the possibility of its

occurance during therapy should be monitored.

Only a few studies have been successfully employed to elucidate

the mechanisms of action by these drugs. Because Pemoline inhibits

catecholamine uptake it may act as an indirect brain dopamine

agonist. This inhibition effect may account for the decrease of brain

catecholamine turnover (Molina and Orsingher, 1981). Altered

neuronal activity and metabolic demand of glucose after dopaminergic

stimulation that effect the changes in blood flow, rather than a direct

dopaminergic effect on the brain's vasculature, were also discovered

following Pemoline injection. (Vogg and Krieglstein, 1986). On the

other hand, intraventricular or intravenous administation of Ritalin 

increased the efflux of ^H-dopamine. With cats pretreated with
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reserpine, the response to Ritalin was reduced. These results suggest 

that Ritalin preferentially releases newly synthesized dopamine as 

opposed to releasing stored pools of dopamine (Chiuch and Moorel,

1974).

In psychopharmacology a broad understanding of the drugs to be

studied is necessary so that a correlation of clinical findings,

physiological mechanisms of action, and behavioral studies can be

used to understand the effects of the drugs. Although studies on

responding are only a small part of understanding the behavioral

effects, it is a foundation that is used extensively, primarily in

identifying the effects of new drugs and the comparison of drugs

already in use.

Several reports have pointed to the stimulant effects of Pemoline

and Ritalin on behavior. Pemoline can increase exploratory activity

(Plotnikoff et al, 1969), and it reportedly enhances performance of

conditioned avoidance tasks (Soumireu, et al, 1968), as well as maze
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tasks (Plotnikoff, 1973). Ritalin, on the other hand, has been found to 

have a rate dependent effect depending on the dosage. This 

experiment involved Moll-Wistar rats lever pressing with water 

deprivation (Sagvolden, et al, 1983). Rate dependency could not be 

confirmed with hyperactive children under multi-schedule of

reinforcement ( Rapport, et al, 1985).

In the analysis of drug-behavior relationships, operant

conditioning ("conditioning which occurs when the emission of an

operant is followed by the presentation of a stimulus: Originally

synonymous with conditioning by positive reinforcement. Now,

connotes any modification of operant behavior by its consequences".)

techniques have been applied quite usefully (Powers and Osborn,

1976). A common feature of the operant approach involves the

intensive study of individual subjects. Typically, small numbers of

subjects are used for the experiments, sometimes as few as one,

because a complete experiment is performed with each subject. The

emphasis is upon close observation and firm experimental control.
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Rats, monkeys, rabbits and pigeons are employed frequently in this 

type of psychological research for several reasons. First, greater 

controls can be placed on subjects, controls that are not possible

with human subjects. Environmental factors such as diet, room

temperature, lighting and their experiences can be well regulated.

Secondly, experimental procedures may be used with non-human

subjects that are considered unethical in human research. For

example, dangerous drugs may be applied, brain lesions may be

induced, and stress situations may be created. While both reasons are

justifiable in non-human research, the latter was kept at a minimum

in this project. When establishing dosage curves, dosages greater

than 18 mg/kg were not given to the subjects because it is known

that dosages greater than 18 mg/kg may decrease the rate of

responding or may be lethal.

The effects of CNS stimulants on the operant performance of

animals have been explained across species via the rate-dependency

hypothesis. This hypothesis states that stimulants tend to increase

10



the rate of responding under reinforcement schedules which usually 

engender relatively low rates of responding (high fixed interval 

schedules), but have limited effects or decrease responding under 

schedules which bring about high response rates (high fixed ratio 

schedules) (Dews, 1958; Dews and Wenger, 1977; Sanger and

Blackman, 1976).

A schedule of reinforcement is an experimentally arranged

dependency between a response and a stimulus, such that the response

produces or causes the stimulus. There are four basic schedules of

reinforcement, two of which are used extensively in the analysis of

drug affects. The Fixed Ratio (abbreviated FR) schedule of

reinforcement requires the number of responses to be fixed for

reinforcement to occur. The smallest fixed ratio schedule (FR 1) is

also called a continuous reinforcement schedule because the subject

receives a reinforcer for every response. Typically upon finishing the

set number of responses to recieve a reinforcer there is a pause in

responding; this is termed a post-reinforcement pause.
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The Fixed Interval (abbreviated FI) schedule of reinforcement 

provides a reinforcement for the first response made after a fixed 

interval of time. Note that in a FI schedule the number of responses

emitted within the interval has no effect on when the subject is

reinforced. Typically when behavior on this schedule of reinforcement 

is plotted, a scalloping effect is seen, this indicates periods of no 

responding followed by periods of rapid responding until the set

time is up and reinforcement occurs.

The following features of the experimental design are often found

in drug studies with operant techniques: (1) Initially the subjects are

trained on a schedule of reinforcement to the final stable state. This

performance forms a baseline from which to compare drug-induced

changes; (2) Each subject serves as its own control and under every

drug condition of the experiment. Thus, a complete experiment is

performed with each subject; (3) The drugs are administered to

each subject in a range of doses so that various actions at various

levels can be established. This allows a dose-effect curve to be
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established with a two fold increment ( 1, 2, 4, 8 mg/kg) of the

dosage being generally used; (4) The time course of the drug must be

noted for its time of onset and the length of effect; (5) The data of

each subject may be analysed separately (Boren, 1966).

CORETTE L 
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MATERIALS AND METHODS

To test the effects of Pemoline and Ritalin on responding, homing

pigeons were chosen as subjects. They are small, inexpensive, and 

easy to care for. Pigeons generally are fast learners, although they

are easily distracted. Four pigeons were chosen for this experiment

and trained to a FR 100 schedule of reinforcement. Because of the

difficulty in establishing a baseline on this FR schedule and because 

it was found that birds are more sensitive to central nervous system 

stimulants on FI schedules, the procedure of this experiment 

employed a FI 120 sec schedule. Training the pigeons on such a high 

fixed interval schedule of reinforcement caused many difficulties in 

establishing stable baselines for all four birds. Thus only two birds 

were subjected to drug testing. Each experimental session consisted 

of twelve 120 sec trials, the number of responses in each trial was 

used in the analysis of the baseline, placebo and the drug dosage

conditions. . Five consecutive sessions were used to establish the
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baseline data. The pigeons were given drug dosages of 2, 4, 8, and

16 mg/kg randomly. Each pigeon received all dosages of each drug 

prior to receiving the second drug. The order of drugs was

counterbalanced over subjects. Placebos were given between the

various dosages, allowing responding to return to the baseline (Table

1). Responding was measured on a cumulative recorder, this is a

device which graphs the number of responses and reinforcements as a

function of time. When testing was completed the pigeons were

released and allowed to return home.

SUBJECTS

The subjects, B-1 (black and white) and B-2 (grey), both male 

carrier pigeons, were obtained from an East Helena farm. These birds 

had no prior training in any form of learning by the use of 

reinforcement techniques to the experimenter's knowledge. The 

subjects were housed separately in a wire cage that measured 25 cm 

by 28 cm by 22 cm . The house consisted of a wire mesh floor and
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door. The door contained two openings through which water, and bird

gravel were attainable. A wooden rod, 2 cm in diameter, was located

in the center of the house for perching. The cages were situated in a

room where the temperature was about 20 degrees Celsius, the

humidity about 48 percent, and the lighting was natural.

APPARATUS

The apparatus employed in the experiment was a Skinner box (BRS 

Foringer standard double key model). The box was sound proof and 

ventilated. The chamber measured 36 cm high, 35.5 cm wide, and 49.5 

cm long. The chamber was comprised of an aluminum grate floor and 

a removable stainless steel waste tray. The instrument panel is 

distinguished from the opposing three (white) walls by its beige

color.

The instrument panel has two keys 3 cm in diameter that are 

located 25 cm high and 8 cm from the front and rear panels. Each of
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the two keys contain white, red and green colors which can be

regulated by the control panel. The feeder is located between the two

keys and 7 cm from the base and has an opening measuring

approximately 6 cm by 5 cm. Food is made available by the magazine

followng appropriate responses. A house light rests above the two

keys and a vent for oxygen and carbon dioxide exchange is located

inside the right wall of the chamber. The front panel of the box is a

swinging door that latches, acting as a passage way to and from the

box. The front panel also contains a one way mirror for observational

purposes.

Adjacent to the Skinner's box is the control panel consisting of an 

interconnection panel, pulse former, timer, counter panel, tape-timer, 

and a cumulative recorder (Fig. 1) Through the proper wiring of the

control panel various schedules of reinforcement can be introduced to

the subject when in the Skinner's box. We are only concerned with

both the fixed-ratio and the fixed-interval schedules of

reinforcement.
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If a fixed-ratio (FR) schedule of reinforcement is desired, that is a

schedule of reinforcement in which every nth response produces

reinforcement, the following wiring procedure must be followed: All

common switches must be grounded on the interconnection panel,

pulse former, timer, counter panel, tape-timer, and cummulative

recorder. The stimulus switch must also be grounded depending upon 

which color of stimulus is desired on the response key. The house

light, which is a 15 W bulb, must also be grounded. This bulb is on

during all sessions because of the pigeons' sensitivity to darkness.

The normally open lever of the interconnection panel must be wired to

the operate switch on the pulse former, the reinforce switch of the 

interconnection panel to the normally open circuit of the timing 

switch on the timer. The normally open circuit of the pulse former 

should be wired to the operate switch of the timer, and the normally 

open circuit of the timed out switch of the timer should be wired to

the desired counter on the counter panel. This counter will record the 

number of reinforcements. The normally open circuit of the pulse

former is then wired to a different counter which will count the

18



number of responses (pecks) by the subject. The cumulative recorder

which plots a graph of the number of responses on the vertical axis

and the time on the horizontal axis is wired with the stepper switch

to normally open lever on the pulse former and the reinforce switch

wired to the operate switch on the clock. A manual switch is wired

between the normally closed lever on the pulse former and the

operate switch on the clock.

If a fixed-ratio one (FR-1) schedule or simply a continuous

schedule of reinforcement in which each response is reinforced one

slight alteration must occur. The manual switch is removed and

wired between the ground and the normally open circuit on the

interconnection panel. This will allow for an automatic

reinforcement for every response.

If a fixed-interval schedule (FI) schedule of reinforcement is 

desired by an experimentor, a schedule in which the first response

after a fixed time is reinforced, the manual switch must be

19



completely removed. The reinforce switch of the cummulative 

recorder must be wired to the normally closed circuit of the tape 

timer. Also the appropriate tape must be installed into the tape 

timer, for example a 120 sec tape for a FI-120 schedule of 

reinforcement. All other wiring must remain the same.

20
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PROCEDURE

Pigeons were obtained and their weight were recorded. The 

pigeons were then deprived of food until they reached a running 

weight, that is a weight that is 80% of their original weight. This is a 

standard procedure for such experiments. Each day the weight of the

pigeon was recorded (Table 1), and the food magazine of the Skinner

Box was filled with bird seed supplemented with sunflower seeds. 

The length of each session, or the number of reinforcements given, 

was dependent on maintaining the running weight. The total number

of reinforcements for each bird was different because of their

metabolisms. Since one bird had a low metabolism, fewer 

reinforcements were needed to maintain its running weight. 

Following every session, the animal was returned to its home cage 

and was given fresh water and gravel. The procedure consists of an 

acquisition, training, and drug testing period. During acquisition, 

sessions lasted no longer than 30 minutes; during training and drug 

testing, sessions lasted until the appropriate number of
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reinforcements to maintain the running weight had occurred. 

Baseline data was collected for each bird during five consecutive

sessions. During each session 12 experimental trials were run; and

the mean number of responses per trial was calculated. In addition, 

the mean number of responses per session was calculated.

ACQUISITION

Habituation to the Skinner's box and magazine training were

conducted on the first six sessions. Magazine training was performed

Table 1: Bird weights from 6/4/-10/14/1987 and drug dosage.

DATE
BIRD-1 BIRD-2 

WEIGHT gmWEIGHT gm DOSAGE mg/kg

6/4 380 360
6/5 379 313
6/7 375 293
6/8 373 278.5
6/9 360.5 267.5
6/1 0 340 269.5
6/1 1 335 264
6/1 2 330 259
6/13 322 250
6/1 4 315 246.5
6/1 5 310 240
6/1 6 313 236
6/1 7 312 243
6/1 8 31 1 243
6/1 9 319 243.5
6/20

DOSAGE mg/kg
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Table 1: Bird weights and drug dosage continued.

DATE
BIRD-1 
WEIGHT gm DOSAGE mg/kg

BIRD-2
WEIGHTgm

6/21 317.5 259
6/22 316.5 231.5
6/23 318 248
6/24 317.5 248
6/25 319 251
6/26 319 250.5
6/27 323 248
6/28 313 249.5
6/29 307.5 247.5
6/30 31 1 249.5

DOSAGE mg/kg

7/1 313.5 251.5
7/2 312.5 253.0
7/3 312 252
7/4
7/5 312 252.5
7/6 307.5 241
7/7 311.5 242
7/8 307 245.5
7/9 308.5 250
7/1 0 310 250
7/1 1
7/1 2 313 252.5
7/13 313 255
7/1 4 312 263.5
7/1 5 320 277.5
7/1 6 320.5 253.5
7/1 7 317.5 251.5
7/1 8 313.5 253.5
7/1 9
7/20 314 255
7/21 308 250.5
7/22 305 253
7/23 308 254
7/24 309.5 257
7/25 307.5 255
7/26 308 258
7/27 312 257
7/28 313 258
7/29 312.5 259.5
7/30 311 260
7/31 312 259
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Table 1: Bird weights and drug dosage continued.

DATE
BIRD-1 
WEIGHT am DOSAGE ma/ka

BIRD-2 
WEIGHT gm

8/1 313 257.5
8/2 313 260.5
8/3 316.5 260.5
8/4 315.5 260.5
8/5 316.5 261.5
8/6 318.5 260.5
8/7 318 260.5
8/8 317.5 259
8/9 318 261
8/1 0 315.5 260
8/1 1 316 261
8/12 315.5 261.5
8/1 3 316.5 264
8/14 318.5 264
8/1 5 315.5 266.5
8/1 6 314 265
8/1 7 313.5 269
8/1 8 314 268
8/1 9 315.5 269
8/20
8/21 317 274
8/22 315 273
8/23 312.5 271.5
8/24 31 1 270.5
8/25 311 270
8/26 310 272
8/27 310 273
8/28 309 269.5
8/29 307.5 269.5
8/30 310 274.5
8/31 307.5 271.5

DOSAGE mg/kg

9/1 309 4 Ritalin 277.5
9/2
9/3 307 273.5
9/4 308 placebo 281
9/5 307.5 277.5
9/6 307.5 294.5
9/7 307 16 Ritalin 296.5
9/8 305.5 291.5
9/9
9/1 0 310.5 297
9/1 1 307.5 placebo 298
9/1 2 306.5 278
9/13 302.5 275.5

4 Pemoline

placebo

16 Pemoline

placebo
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Table 1: Bird weights and drug dosage continued.

DATE
BIRD-1 
WEIGHT am DOSAGE mg/kg

BIRD-2 
WEIGHT am DOSAGE mg/kg

9/1 4 302.5 8 Ritalin 278.5 4 Pemoline
9/1 5 304 275.5
9/1 6 304.5 276
9/1 7 302 placebo 276 placebo
9/1 8 304 277.5
9/1 9 301 274.5
9/20 307 2 Ritalin 285 2 Pemoline
9/21 310 279
9/22 302 277.5
9/23 303 279.5
9/24 303.5 4 Pemoline 280 4 Ritalin
9/25 303.5 276.5
9/26 301.5 276.5
9/27 302 placebo 278 placebo
9/28 302 279.5
9/29 302.5 276
9/30 301 8 Pemoline 278 8 Ritalin

1 0/1 299 278.5
1 0/2 300.5 283
1 0/3 300 placebo 284 placebo
1 0/4 298.5 283.5
1 0/5 303 287.5
1 0/6 299 2 Pemoline 285 2 Ritalin
1 0/7
1 0/8 303 283
1 0/9 303 placebo 287.5 placebo
1 0/1 0 295 287
1 0/1 1 306 287.5
1 0/1 2 306 16 Pemoline 280 16 Ritalin
1 0/1 3 302.5 275
1 0/1 4 299 269

approximations, in which progressive modification and subsequent

shifting of the boundaries within which responses are reinforced and
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outside of which are extinguished, were begun on session number

seven. This technique was employed to get the pigeons to peck the

white key. After shaping each response was reinforced, thus a FR-1

schedule of reinforcement was established until session number

nineteen to strengthen the relationship between the birds pecking and

being reinforced.

TRAINING

After initial training on a fixed ratio schedule, the pigeons were 

trained on a fixed interval schedule. The FI schedule was begun at 20 

seconds and progressively increased to 60 seconds and finally to a FI

120-sec schedule. For each experimental session the birds were first

tested for 12 trials and then allowed to feed sufficiently to maintain 

their running weights. The feeding time, or the time the magazine 

made food available to the pigeon, was 10 seconds per reinforcement. 

Thus if 240 seconds of feeding time was required to maintain the 

running weight of the pigeon, 24 reinforcements would be allowed for

the subject.
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DRUG ADMINISTRATION

The oral route of drug administration was chosen over other

routes because both drugs could be absorbed orally and because this

route is preferred when generalized to human usage. One

disadvantage of the oral route is the speed of onset is slower than all

other routes of administration, yet no habituation of injections must

occur. Dosages of 2.0, 4.0, 8.0 and 16.0 mg/kg were given to both

subjects of both drugs randomly. The drugs were loaded into hollow

sunflower seeds and given two hours prior to behavioral testing.

Between sessions with drugs five sessions were interspersed in the 

following sequence: no drug, no drug, placebo, no drug, no drug. Such 

a long period between dosages was allowed to prevent any 

multiplicity of effects, especially when higher dosages and changing 

of drugs occured.

STATISTICAL PROCEDURE

All data were treated within two-way analysis of variance. All
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significant F-scores obtained from the analysis of variance were

evaluated using the Newman-Keuls Method. The baseline and placebo

data showed no significant difference (F=(1,11) .01, p=.92). Therefore

drug dosage conditions were compared to the placebo (0 mg/kg)

Comparison of Ritalin and Pemoline was computed by using the

session means. All other comparisons used trial means.

29



RESULTS

During training, the pigeons developed response patterns

characteristic of fixed interval schedule of reinforcement. No

significant differences were found between Ritalin and Pemoline

(F=(1,4) .29, p=.61) In the analysis of Pemoline a marginal dosage

effect obtained (F=(4,11) 2.47, p=.O53). The 2 mg/kg and placebo

were no different (p<.05), dosages of 4, 8, and 16 mg/kg affected

responding simillarly, but increased responding when compared to

the placebo and 2 mg/kg (p<.05) (Fig. 2). In the analysis of Ritalin, the

dosage effect was significant (F=(4,11) 21.9, p=.0001). Placebo and 2

mg/kg had no affect on the responding rates (p<.05) (Fig. 3), while 4

mg/kg, 8mg/kg and 16 mg/kg produced significantly different effects

than the placebo and 2 mg/kg, and were significantly different from 

each other (p<.05). Thus, the rate of responding was substantially 

increased for both drugs at dosages of 4 mg/kg and greater (Figs. 

4,5,6,7).
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Fig. 3 Mean (+/-SEM) number of pecks per 120 sec as a function of Ritalin dose.
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DISCUSSION

This study investigated whether Ritalin and Pemoline had

rate-dependent effects upon pigeons' key-pecking maintained by a

fixed interval 120-sec schedule of reinforcement. Rate dependant

effects were shown by analyzing the 120 sec segments and different

dosages of each drug. The results found for Ritalin are in accord with

previous ones for Ritalin (Stretch and Skinner, 1958). Similar results

were also found for Pemoline.

Although only marginally significant results were found for

Pemoline, this suggests that further studies should be done with this 

drug. Some problems did exist in this experiment; although only 

two subjects were used in this small group design more subjects 

would increase reliability, and eliminating training on high fixed

ratio schedules may have allowed the two birds that were not used to

be stabilized on the fixed interval schedule.

Results did show that there was not any significant differences
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between Pemoline and Ritalin suggesting that these drugs may be

used interchangeably in some cases. Other side effects should be

noted before interchanging these drugs. The results found for both

Pemoline and Ritalin are in accord with the rate dependency

hypothesis.

35



LITERATURE CITED

American Hospital Formulary Service (AHFS). 1987. Society of

Hospital Pharmacists Inc., Bethesda, MD.

Barkley, Russell A. 1986. Hyperactive Children. Guilford Press, New

York.

Barnhart, Edward R. 1988. Physicians' Desk Reference. Medical

Economics Company Inc.

Boren, Mary Carol Perrott. 1966. Behavior Principles.

Appleton-Century-Crofts, New York.

Chiveh and Mourel. 1974. Blockade by Reserpine of Methylphenidate 

Induced Release of Brain Dopamine. Journal of Pharmacology 

and Experimental Therapeutics 193: 559-563.

36



Connors, C. 1973. Rating Scales for Use in Drug Studies with

Children. Psychopharmacologv Bulletin (Special Issue:

Pharmacotherapy of Children): 24-29.

Dews, P. B. 1958. Studies on Behavior: Stimulant Actions of

Methamphet-amines. Journal gf Pharmacological Experimental

Therapy: 137-147.

Dews, P. B., and J. Wenger. 1977. Rate-dependency of the Behavior

Effects of Amphetamine. Advances in Behavioral Pharmacology

1-

DSM 111. 1980. Diagnostic and Statistical Manual: 3rd Edition.

American Psychiatric Association.

Dun-Donnely. 1977. Rate-dependency of the Behavior Effects of

Amphet-amine. Advances In Behavioral Pharmacology 1.

37



Ferster, C. B. and B. F. Skinner. 1957. Schedules of Reinforcement.

Appleton-Century-Crofts, New York.

Loebl, Suzanne and George R. Spratto. 1986. The Nurse's Drug

Handbook. John Wiley and Son's, New York.

Molina, V. A. and O. A. Orsingher. 1981. Effects of Mg-Pemoline on the

Central Catecholamine System. Arch Int. Pharmacodynamics

Therapy 251: 66-79.

Plotnikoff, N. 1973. Pemoline: Enhancement of Maze Performance in

Young Rats. Behavioral Biology £: 117-121.

Plotnikoff, N., F. Williams, and William Ditzler. 1966. Magnesium 

Pemoline: Enhancement of Learning and Memory of a

Conditioned Avoidance Response. Science 151: 703-704.

Powers, Richard B. and J. Grayson Oshorne. 1976. Fundamentals of

Behavior. West Publishing Co., New York.

38



Rappurt, M. D., G. J. DuPaul, and N. E. Smith. 1985. Rate Dependency

and Hyperactivity: Methylphenidate Effects on Operant

Responding. Pharmacology Biochemistry and Behavior 23:

77-83.

Sanger, D. J. and D. E. Blackman. 1976. Rate Dependent Effects of

Drugs: A Review of Literature. Pharmacology of Biochemical

Behavior 4: 73-83.

Soumiren, M., B. Mourat, and B. Cardo. 1968. Activity and Learning in 

Rat after Mg-Pemoline. Psvchopharmacologia 12: 258-262.

Stretch, R. and N. Skinner. 1969. Fixed-ratio and Fixed-interval

Control of Responding, using Novious Stimuli Effects of

Methlphenidate and Reserpine. Psvchopharmacologia 16:

89-104.

Vogg, P. and J. Kriellstein. 1986. Effects of the Indirect

39



Dopaminominetic Diethylpemoline on Local Cerbral Blood Flow

in the Concious Rat. European Journal of Pharmacolgv 121:

437-447.

9

40


