
Pharmacology Biochemisto" & Behavior, Vol. 9, pp. 315--318. Printed in the U.S.A.  

Drug Effects Under Automaintenance and 
Negative Automaintenance Procedures 

A L A N  P O L I N G  A N D  J A M E S  B. A P P E L  

Behavioral Pharmacology Laboratory, Department o f  Psychology 
University o f  South Carolina, Columbia, SC 29208 

( R e c e i v e d  13 M a r c h  1978) 

POLING, A. AND J. B. APPEL. Drug effects under autoraaintenance and negative automaintenance procedures. 
PHARMAC. BIOCHEM. BEHAV. 9(3) 315-318, 1978.--Three food-deprived pigeons were initially exposed to an auto- 
maintenance procedure in which brief periods of response key illumination were followed by food delivery without regard 
to the subject's behavior. Keypecking occurred at a high rate while the key was illuminated and was reduced in dose- 
dependent fashion by acute administration of LSD (0.05-0.45 mg/kg), quipazine (1.0-8.0 mg/kg), haloperidol (0.08-0.32 
mg/kg), and pentobarbital (4.0-16.0 mg/kg). The animals were then exposed to a negative automaintenance procedure in 
which food delivery followed key illumination only if the lighted key was not contacted. Keypecking occurred at a low rate 
under this procedure, with no responses occurring during the maiority of key illuminations and was decreased or unaffected 
by LSD, quipazine, and haloperidol; pentobarbital increased responding at doses of 4.0 mg/kg and 8.0 mg/kg and reduced 
responding at a dose of 16.0 mg/kg. 
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IF  a food-deprived pigeon is occasionally presented with 
food preceded by illumination of  a response key, key- 
pecking is reliably engendered and maintained despite the 
lack of any programmed dependency between key-pecking 
and food delivery or key illumination (e.g., [5, 9, 18, 19]). 
Such automaintained keypecking, which is known to differ 
from operant keypecking in both topography [11] and dura- 
tion [20], seems to occur at a high rate [ l 1,18] and, probably 
as a consequence of  this rate, is reduced by acute adminis- 
tration of the CNS stimulant d-amphetamine [18]. The ef- 
fects of  other compounds under this procedure have not, 
however,  been reported. Thus the present study analyzed 
the effects of two psychotomimetic agents [23], LSD (0.05- 
0.45 mg/kg) and quipazine 0 .0 -8 .0  mg/kg), the neuroleptic 
haloperidol (0.08-0.32 mg/kg), and the barbiturate sedative 
pentobarbital (4.0-16.0 mg/kg). Within these dose ranges, 
each of these compounds,  like d-amphetamine,  has been re- 
ported to reduce high-rate responding [1, 8, 16, 2 l] and there- 
fore might also be expected to reduce automaintained re- 
sponding. Two psychotomimetics were administered since 
recent investigations (e.g., [16,23] have indicated LSD and 
quipazine to have similar discriminative properties,  to affect 
schedule-controlled behavior similarly, and to have similar 
pharmacological mechanisms of  action; the present study 
assessed whether the compounds would also produce similar 
effects under an automaintenance (respondent conditioning) 
procedure.  

A second part of  the experiment was concerned with the 
effects of  these drugs on behavior under a negative auto- 
maintenance procedure.  In this procedure,  food follows key 
illumination unless the lighted key is contacted; if a contact  
response occurs,  food is not delivered. Depending on spe- 
cific experimental parameters,  responding may (e.g., [24]) or 
may not (e.g., [10D be well maintained. In nearly all cases 
permitting comparison, however,  responding occurs less 
frequently under a negative automaintenance procedure than 
under an automaintenance procedure.  ' 

The negative automaintenance procedure involves re- 
sponding which appears to be evoked by respondent condi- 
tioning and suppressed by an operant contingency [2, 13, 17]. 
This operant contingency is paradigmatically negative 
punishment: response-dependent nondelivery (or, removal) 
of a stimulus results in a decrease in the probability of  re- 
sponding. Responding suppressed by positive punishment 
(i.e., response-dependent delivery of  a stimulus) has been 
useful in selectively classifying drugs [14]. However,  drug 
effects under negative punishment procedures have seldom 
been evaluated and it is not clear whether procedures involv- 
ing negative punishment are useful for demonstrating selec- 
tive drug effects, or whether drug effects under positive and 
negative punishment procedures are similar. Poling and 
Appel [15] did report that drug effects under a negative 
automaintenance procedure were similar to those found 
under procedures involving response-dependent electric 
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shock punishment: atropine, d-amphetamine,  and morphine 
reduced, while diazepam increased, rate of keypecking. If 
drug effects under negative automaintenance and other 
punishment procedures are in fact similar, it might be ex- 
pected that appropriate doses of pentobarbital ,  but not of 
LSD, quipazine, or haloperidol,  would increase responding 
under a negative automaintenance procedure,  since respond- 
ing suppressed by electric shock is generally increased by 
barbiturates (and other antianxiety agents) but not by these 
other compounds [21]. 

METHOD 

Animals 

Three experimentally-naive adult male White Carneaux 
pigeons were used. They were maintained at approximately 
85% of free-feeding weights. 

Apparatus 

Two BRS/LVE (Model 143-05) operant conditioning 
chambers were used. Each was equipped with a 2.5 cm di- 
ameter response key horizontally centered 24 cm above the 
floor. Key illumination was provided by a 7 W red bulb 
located behind the key. Key operation required a force of 
approximately 0.05 N. A 15 W white houselight provided 
continual ambient illumination. The grain magazine, filled 
with mixed grain, was located below the response key. A 7 
W white bulb illuminated the magazine opening when the 
magazine was raised. Electromechanical and solid state pro- 
gramming equipment was located in a room adjacent to the 
chambers.  

Procedure 

Animals were initially magazine trained for ten 60-min 
sessions during which the grain magazine was presented 
every 45 sec for a duration of 4 sec. After magazine training, 
each animal was exposed to a fixed trial autoshaping (auto- 
maintenance after acquisition) procedure similar to that de- 
scribed by Brown and Jenkins [5]. The response key was 
darkened during a variable intertrial interval (mean=30 sec; 
range= 10-120 sec) and then illuminated for a 10-sec trial. At 
the offset of key illumination the magazine was raised and 
illuminated for 4 sec independently of the animal 's  behavior. 
Keypecks during each trial and intertrial interval were rec- 
orded separately. Each daily session terminated after 32 trial 
presentations. Sessions were typically conducted 7 days a 
week at about the same time each day. 

After 5 sessions of  relatively stable trial responding as 
indicated by no graphically-obvious trend in mean response 
rate across sessions (post hoc analyses indicated that in all 
instances where this stability criterion was used the mean 
response rate during sessions, N, N + I, and N +2 was within 
- 5% of  the mean response rate during sessions N + 2, N + 3, 

and N +4), an injection regimen was begun in which animals 
received an intramuscular injection of isotonic saline (I.0 
ml/kg), LSD (0.05, 0.15, or 0.45 mg/kg), quipazine (i .0,  4.0, 
or 8.0 mg/kg), haloperidol (0.08, 0.16, or 0.32 mg/kg), or 
sodium pentobarbital  (4.0, 8.0, or 16.0 mg/kg) 15 min prior to 
each session. LSD, quipazine, and haloperidol were dis- 
solved in 0.9% sodium chloride solution prepared so that the 
volume injected was always 1 ml/kg of body weight. A 
commercial ly-prepared sodium pentobarbital  injection 
(Lilly), diluted with distilled water to a 1 ml/kg injection 

volume, was used. Drugs were given prior to every fifth 
session, with sodium chloride injections preceding all other 
sessions. Each animal received each drug dose twice, in an 
irregular order. 

Following the final drug session, all animals were exposed 
to a negative automaintenance procedure. This procedure 
was identical to the automalntenance procedure with one 
exception: food delivery followed only those key illumina- 
tions (trials) in which responding did not occur. Thus 
keypecking prevented food delivery although it did not affect 
key illumination or forthcoming trial presentations. The 
negative automaintenance procedure was in effect until the 
mean response rate showed no graphically-obvious trend 
across 5 consecutive sessions. At that time, an injection re- 
gimen similar to the one described above was instituted. 
However,  due to a fire which rendered our laboratory inop- 
erable, bird P - I l l  received each dose of LSD on only one 
occasion, P-273 received each dose of  haioperidol on one 
occasion, and P-817 received each dose of pentobarbital on 
one occasion. 

RESULTS 

For  the combined data of all birds, one-way repeated- 
measures analysis of  variance [12] indicated that response 
rate and percentage of  trials with responding did not vary 
significantly (p >0.05) across the blocks of five saline control 
sessions that immediately preceded drug injections under 
either the automaintenance or negative automaintenance 
procedures; post hoc analyses (above) also indicated no 
trend toward increased or decreased response rates across 
blocks of control sessions. Further,  under both procedures,  
there was no significant difference (Dunn's procedure,  
p >0.05; [12]) between the rate of responding or the percent- 
age of  trials with responding during the first and second ad- 
ministration of a particular drug dose, regardless of whether 
the comparison was made across all drugs and doses,  all 
doses of  a single drug, or a single dose of a particular drug. 
Thus data are presented as a simple comparison of response 
rate and percentage of trials with responding during the 
saline control sessions immediately preceding drug adminis- 
trations and these measures during drug sessions; to 
facilitate comparison, both administrations of a given drug 
dose are combined, as are all saline control sessions. Follow- 
ing saline, animals responded during virtually all (over 90% 
of) trials under the automaintenance procedure; no respond- 
ing occurred during most (over 75% of) trials under the nega- 
tive automaintenance procedure (Fig. 1). For all pigeons, the 
mean control response rate during trials in which pecking 
occurred was also much higher under the automaintenance 
procedure (over 1.2 responses/second) than under the nega- 
tive automaintenance procedure (less than 0.2 response/ 
second) as shown in Fig. 2. 

Under the automaintenance procedure, all doses of LSD, 
quipazine, haloperidol, and pentobarbital decreased both the 
percentage of trials (Fig. I) during which responding oc- 
curred and the mean response rate during such trials (Fig. 2). 
The magnitudes of these decreases were generally directly 
related to dose. 

Under the negative automaintenance procedure,  the 4 
mg/kg and 8 mg/kg doses of pentobarbital increased both the 
percentage of  trials with responding (Fig. l) and the mean 
response rate during such trials (Fig. 2), while the 16 mg/kg 
dose decreased both of these measures relative to saline con- 
trol values. Neither LSD, quipazine, nor haloperidol had any 
clear effects on responding under a negative auto- 
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FIG. i. Percentage of key illuminations (trials) in which responding 
occurred under all experimental conditions. With the exceptions 
described in text, each bird received each drug dose twice and saline 
injections preceded all other sessions. Each saline control point rep- 
resents the control sessions which immediately preceded drug injec- 
tions (24 sessions under the automaintenance condition, 21 sessions 
under the negative automalntenance condition); the vertical lines 

represent the range across individual control sessions. 
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FIG. 2. Response rates of each animal during all experimental con- 
ditions. Rates represent only those key illuminations (triMs) in which 
responding occurred. Thus the lowest possible rate is 0.10 re- 
sponses/second (I response/10 seconds). Each saline control point 
represents the control sessions which immediately preceded drug 
injections (24 sessions under the automaintenance condition, 21 
sessions under the negative automaintenance condition); the vertical 

lines represent the range across individual control sessions. 

maintenance procedure,  although the higher doses of  each of 
these compounds seemed to decrease responding to below 
the control level, which was in itself quite low. 

DISCUSSION 

The fact that pecking was reliably maintained under an 
automaintenance procedure is consistent with many earlier 
studies (e.g., [5, 9, 19]). That the negative automaintenance 
procedure strongly reduced the frequency of responding is 
also consistent with many earlier reports (e.g., [10, 13, 15, 
17]), although some studies (e.g., [22,24]) have found re- 
sponding to be little suppressed by the institution of this 
procedure. Griffin and Rashotte [7] have demonstrated that 
the effects of negative automaintenance may depend criti- 
cally on the specific experimental parameters employed. 

All doses of LSD, quipazine, haloperidol, and pentobarbi- 
tal decreased the relative frequency of responding under the 
automaintenance procedure.  Despite different pharmacolog- 
ical mechanisms of actions, psychotomimetics (LSD, 
quipazine), neuroleptics (haloperidol), and barbiturate seda- 
tives (pentobarbital) previously have been demonstrated to 
decrease responding maintained by operant reinforcement 
schedules at overall rates similar to those maintained under 
the automaintenance procedure of  the present study [I, 8, 
16, 21]. Thus, their ability to reduce the frequency of  re- 
sponding under an automaintenance procedure is not surpris- 
ing: most behaviorally-active compounds reduce responding 
occurring at a high rate irrespective of the conditions under 
which such responding is maintained (see [6]). 

Under the negative automaintenance procedure,  LSD, 
quipazine, and haloperidol decreased or had no obvious ef- 
fect on the relative frequency of responding. However,  since 
little responding occurred during nondrug sessions under this 
procedure,  drug-induced decreases in responding would not 
be readily apparent.  This floor effect may have contributed 
to the apparent lack of effect of certain doses of  LSD, 
quipazine, and haloperidol, and it would be interesting to 
determine the effects of  these compounds under a negative 
automaintenance procedure in which a higher frequency of 
responding occurred. 

In contrast to these drugs, the lower (4 mg/kg and 8 
mg/kg) doses of pentobarbital increased the relative fre- 
quency of responding. The 16 mg/kg dose of this compound 
generally incapacitated the birds (i.e., they adopted a 
hunched, ruffled posture and did not fly when dropped), and 
thus little or no responding could occur. 

At doses comparable to those used in the present study, 
LSD, quipazine, haloperidol, and pentobarbital have been 
found to increase responding maintained by operant rein- 
forcement schedules at low rates similar to those which oc- 
curred under the negative automaintenance procedure [I, 8, 
16, 211. All of these drugs therefore might be expected to 
increase responding under the negative automaintenance 
procedure.  However,  an earlier study [15] reported that di- 
azepam, but not d-amphetamine, atropine, or morphine in- 
creased responding under a negative automaintenance pro- 
cedure. Each of these compounds,  like those used in the 
present study, increases low-rate operant responding. Di- 
azepam, but not d-amphetamine, atropine, or morphine, also 
generally increases operant responding suppressed by 
response-dependent electric shock [2 i ]. Thus, across several 
drug classes, drug effects under a negative automaintenance 
procedure resembled those reported under more conven- 
tional punishment procedures. This was also the case in the 
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current study, since pentobarbital regularly increases re- 
sponding suppressed by response-dependent shock delivery, 
while LSD, quipazine, and haloperidol have not been re- 
ported to have such effects [21]. Since the negative auto- 
maintenance procedure is in fact a negative punishment pro- 
cedure (above), the general similarity between drug effects 
under this procedure and other punishment procedures 
raises no obvious conceptual difficulties, even though drug 
effects under positive and negative punishment procedures 
are not always similar [4]. 

However,  it must be emphasized that the extent of the 
similarities between drug effects on responding suppressed 
by negative automaintenance and other punishment proce- 
dures remains to be determined. Previous research has com- 
pellingly demonstrated that drug effects on responding sup- 
pressed by punishment are far from simple. For example, 

while amphetamines generally decrease responding punished 
by electric shock delivery, this effect can be qualitatively 
reversed by altering shock intensity [14] or the behavioral 
history of the animal [3]. It is to be expected that drug effects 
under a negative automaintenance procedure are also mod- 
ifiable, although the extent of  this modifiability is presently 
unknown. 

Data collected to this point do suggest that the negative 
automaintenance procedure, like other procedures that sup- 
press responding [21] and unlike the automaintenance pro- 
cedure, may be of value in differentiating the behavioral ef- 
fects of diverse classes of drugs, since some but not all com- 
pounds increased responding under this procedure and those 
drugs which increased responding are those which generally 
increase (or disinhibit) responding suppressed by other pro- 
cedures. 

REFERENCES 

1. Appel, J. B. Effects of LSD on time-based schedules of rein- 
forcement. Psychopharmacologia 21: 174-186, 1971. 

2. Barrera, F. J. Centrifugal selection of signai-directed pecking. J. 
exp. Analysis Behav. 22: 341-355, 1974. 

3. Barrett, J. B. Behavioral history as a determinant of the effects 
of d-amphetamine on punished behavior. Science 198: 67-68, 
1977. 

4. Branch, M. N., G. Nicholson and S. I. Dworkin. Punishment- 
specific effects of pentobarbitai: dependency on type of 
punisher. J. exp. Analysis Behav. 28: 285-293, 1977. 

5. Brown, P. and H. M. Jenkins. Autoshaping of the pigeon's key 
peck. J. exp. Analysis Behav. 11: 1-8, 1968. 

6. Gonzales, F. A. and L. D. Byrd. Mathematics underlying the 
rate-dependency hypothesis. Science 11: 546-550, 1970. 

7. Griffin, R. W. and M. E. Rashotte. A note on the negative 
automaintenance procedure. Bull. Psychon. Soc. 2: 402-404, 
1973. 

8. Hanson, H. M., J. J. Witoslawski and E. H. Campbell. Drug 
effects in squirrel monkeys trained on a multiple schedule with a 
punishment contingency. J. exp. Analysis Behav. 10: 565-569, 
1%7. 

9. Hearst, E. and H. M. Jenkins. Sign-Tracking: 1he Stimulu~,- 
Reinfi~rcer Relation and Directed Action. Austin, Texas: The 
Psychonomic Society, 1974. 

10. Hurst, S., J. Naverick and E. Fantino. Automaintenance: the 
role of reinforcement. J. exp. Analysis Behav. 21: 117-124, 
1974. 

11. Jenkins, H. M. and B. R. Moore. The form of the auto-shaped 
response with food and water reinforcers. J. exp. Analysis Be- 
hay. 20: 163-181, 1973. 

12. Kirk, R. E. Experimental Design: Procedures fi~r the Behav- 
ioral Sciences. Belmont, California: Brooks/Cole, 1%8. 

13. Locurto, C., H. S. Terrace and J. Gibbon. Autoshaping, ran- 
dom control and omission training in the rat. J. exp. Analysis 
Behav. 26: 451-462, 1976. 

14. McMillan, D. E. Drugs and punished responding. 111. Punish- 
ment intensity as a determinant of drug effects. Psy~'hophar- 
macologia 30: 61-82, 1973. 

15. Poling, A. and J. B. Appel. Drug effects on the performance of 
pigeons under a negative automaintenance schedule. 
Psy,chopharmacok~gy, in press, 1978. 

16. Poling, A. and J. B. Appel. Quipazine effects under a multiple 
schedule of reinforcement. Pharmac. Bh~chem. Behav. 8: 491- 
492, 1978. 

17. Poling, A. and T. Poling. Automaintenance in guinea pigs: ef- 
fects of feeding regimen and omission training. J. exp. Analysi.~ 
Behav. 30: 37-46, 1978. 

18. Poling, A. and T. Thompson. The effects of d-amphetamine on 
the automaintained key pecking of pigeons. Psychopharmacol- 
ogy 51: 285-288, 1977. 

19. Schwartz, B. and E. Gamzu. Pavlovian control of operant be- 
havior. In: Handbook o f  Oper¢~nt Behavior, edited by W. K. 
Honig and J. E. R. Staddon. Englewood Cliffs, New Jersey: 
Prentice-Hall, 1977, pp. 53-97. 

20. Schwartz, B. and D. R. Williams. Two different kinds of key 
peck in the pigeon: some properties of responses maintained by 
negative and positive response-reinforcer contingencies. J. exp. 
Analysis Behav. 18: 201-216, 1972. 

21. Seiden, L. S. and L. A. Dykstra. Psy~hopharmacology: A 
Biochemi~'al attd Behavioral Approa¢'h. New York: Van Nos- 
trand Reinhold Company, 1977. 

22. Stiers, M. and A. Silberberg. Autoshaping and automaintenance 
of lever-contact responses in rats. J. exp. Analy'sis Behav. 23: 
497-506, 1974. 

23. White, F. J., D. M. Kuhn and J. B. Appel. D;scriminative 
stimulus properties of quipazine. Neuropharmacology 16: 827- 
832, 1977. 

24. Williams, D. R. and H. Williams. Automaintenance in the pi- 
geon: sustained pecking despite contingent non-reinforcement. 
J. exp. Analysis Behav. 12: 511-520, 1%9. 


