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EFFECTS OF AAMPHETAMINE ON SELF-AGGRESSION
AND POSTURING IN STUMPTAIL MACAQUES

P. G. PeFFER-SMITH, E. O. SMITH, AND L. D. ByRD

YERKES REGIONAL PRIMATE RESEARCH CENTER
EMORY UNIVERSITY

The behavioral effects of d-amphetamine sulfate were studied in adult male stumptail
macaques living within a large heterogeneous group in an outdoor enclosure. Among five
subjects that received a range of doses (01 to .8 mg/kg), d-amphetamine increased self-
aggressive behavior and abnormal posturing in subjects that exhibited these types of be-
havior prior to drug administration, but it had no effect in subjects not exhibiting those
activities in the absence of the drug. For the former subjects, the dose-effect curves for
self-aggression were of an inverted U-shape analogous to the effect of d-amphetamine
on schedule-controlled behavior, Over the range of doses studied, the curve for abnormal
posturing was monotonic. The data indicate that d-amphetamine can have effects on un-
trained behavior in individual animals in a quasinatural environment that are qualitatively
and quantitatively similar to the behavioral effects observed in other laboratory environ-
ments, and that d-amphetamine does not evoke or increase a behavioral response in indi-
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vidual subjects that do not exhibit the response in the absence of the drug.
Key words: d-amphetamine, seif-aggression, posturing, Macaca arctoides

Amphetamine has been studied extensively
for its effects on behavior in human and non-
human subjects. A pronounced rate-enhancing
effect of amphetamine on nonpunished, sched-
ule-controlled responding has been demon-
strated in a number of species under a variety
of conditions {(Dews & Wenger, 1977; Kellcher
& Morse, 1968). Moreover, amphetamine typi-
cally has little tendency to increase responding
that is suppressed or punished by the presenta-
tion of a noxious stimulus even though re-
sponse rate can be increased by other drugs,
such as sedative-hypnotics (Geller & Seifter,
1960; Kelieher & Morse, 1964; Wurtke & Kell-
eher, 1970). Also, for certain types of perfor-
mances, amphetamine can increasc low rates of
responding and decrease high rates, with the re-
sult that there isa transition toward a relatively
constant or uniform rate of responding (Byrd,
1981; Dews, 1958; Gonzalez & Byrd, 1977).

In addition to the above, there is another,
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less well established behavioral phenomenon
thai is associated with the administration of
amphetamine. It has its origins in data re-
ported by Dews (1955) and Verhave (1958) and
involves the significance of predrug responding
as a determinant of the behavioral effect of the
drug. In the study reported by Verhave (1958),
the behavioral effect of methamphetamine was
studied in rats trained to press a response key
and in untrained rats that did not respond or
press the key. The administration of metham-
phetamine did not result in key pressing in the
untrained rats but did increase responding
substantially in trained rats, When the un-
trained rats were given training, methamphet-
amine increased their responding also. Dews
{195b) reported related results in an experi-
ment on the effect of methamphetamine on
discriminative performance in pigeons. Under
nondrug conditions, little or no responding
occurred in the presence of a stimulus (§4) as-
sociated with nonreinforcement, and doses
that would typically produce marked increases
in responsc rate failed to induce or increase re-
sponding during the $4 stimulus. A subse-
quent study by Clark and Steele (1966)
showed, however, that response rate during an
§4 stimulus could be increased by ampheta-
mine even though the rate prior to drug ad-
ministration was quite low.
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Unfortunately, the data from these experi-
ments do not allow one to determine whether
(a) some minimum rate of responding is neces-
sary for amphetamine to have an enhancing
effect on responding or (b) a specific history of
training, conditioning, or experience with the
contingencies controlling the availability of
reinforcement is necessary. In an effort to clar-
ify this issue and to determine more defini-
tively whether the occurrence of the behavior
prior to the administration of amphetamine is
a determinant of the effect of the drug, we con-
ducted a study in monkeys using two classes
of behavior that occurred spontaneously or
naturally—that is, they occurred without ex-
plicit training or conditioning—and we com-
pared the effect of d-amphetamine in monkeys
exhibiting the behavior with those not exhib-
iting the behavijor. d-Amphetamine was chosen
because it is one of the more behaviorally ac-
tive of the amphetamines and because there is
a relatively extensive literature describing the
behavioral effects of the compound in various
animal subjects.

METHOD

Subjects

The subjects were five adult male stumptail
macaques (Macace arctoides) ranging in age
from 5 to 11.5 years that were members of a
large group. The 37 members of the group
were of both sexes and varied in age from new-
born to aged adult. The group was confined
within a 28.4 by 32.7 m outdoor enclosure or
compound with environmentally controlled
indoor quarters adjacent to and accessible via
two metal tunnels (Smith & Peffer-Smith, in
pressy.

Procedure

Animals were restricted to the outdoor
compound by locking them out of the indoor
guarters on a strict daily schedule, weather
permitting. Observations of the subjects and
acquisition of data were made from a tower
located 4.3 m above one side of the compound.
All animals were readily visible from the
tower. Data were obtained using the focal-ani-
mal observation technique described by Alt-
mann (1974). The focal-animal sampling tech-
nique allows the recording of all occurrences of
behavioral action of a specific monkey and its
interactions with other monkeys during a given
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time period. The technique documents when
the focal animal initiated or received any type
of behavior, with which animal, and in what
sequence. Data were collected by experienced
observers during 15-min time periods at 0 to
15, 15 to 80, 30 to 45, 45 to 60, 90 to 105, 150
to 165, 210 to 225, and 330 to 345 minutes
postinjection. Observational periods were dis-
tributed in this manner in order to obtain
data characterizing the effects over time with-
out continuous observation and to document
behavioral changes we thought might occur
during the first hour postinjection as the drug
effect developed. The data were entered in a
digital format into a portable microprocessor-
based data collection device, the Datamyte
900, as the behavior was occurring. Briefly,
each monkey was assigned a two-digit numeri-
cal code, and each activity was assigned a
three-digit numerical code so that a behavioral
occurrence would require the entrance of a
seven-digit sequence into the Datamyte, as de-
scribed by Smith and Begeman (1980). Later
in the day, the data stored in the Datamyte
were transferred via direct hook-up to a Digi-
tal Equipment Corporation PDP 11/23 mini-
computer for permanent storage and for data
processing and analysis. To assure reliability
among cbservers, tests for levels of agreement
were conducted intermittently, as described
by Smith (1981a). Agreement was consistently
high.

In order to administer drugs without using
physical restraint and without exciting the an-
imals, each of the five subjects in the experi-
ment was frained to enter a small, isolated
arca along one side of the outdoor compound
(Smith, 1981b), extend an arm through an
opening, and accept an intramuscular injec-
tion according to procedures described previ-
ously (Byrd, 1973, 1977). On a given day, each
of the five monkeys received either a drug in-
jection, a saline (placebo) injection, or no in-
jection. Only the experimental animal for that
day received the drug, however. The drug
was administered two days per week, but a
given animal was the experimental or drug
subject no more than once per week. d-Am-
phetamine sulfate was dissolved in sterile nor-
mal saline and all injections were intramus-
cular in a volume of 4 to 1.0 ml. Normal
saline served as a control or placebo injection.
Each of four doses (.01 to .3 mg/kg) was
sticdied three times in each subject in an
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unsystematic order, with saline administra-
tions interspersed irregularly among the drug
administrations. The observers responsible for
data collection did not know whether saline
or drug was administered to the focal animal
on a given day. _

Two types of behavior were studied. Self-
aggression was defined as any self-directed fa-
cial or vocal threat or any self-directed activity
that had the potential for physical damage.
A seli-aggressive bout was scored as one occur-
rence regardless of duration; self-aggression
was scored again if the animal interrupted or
changed the pattern of behavior—for example,
bit its hand after pulling the hair on its chin.
A second class of behavior, posturing, was
characterized by the unusual placement or
positioning of a part of the body (e.g., a limb)
and was scored in a manner similar to that
described for self-aggression (i.e., an unusual
placement was scored as one occurrence re-
gardless of duration and was scored as another
occurrence if the monkey interrupted or
changed the unusual posture). Frequency
counts of each class of behavior were used to
derive mean rate of occurrence of each activity
per hour for individual subjects under drug
and nondrug conditions. Dose-effect functions
were determined based on the rate of occur-
rence of the behavior during the period 45 to
165 minutes postinjection, a time period dur-
ing which maximum effects were typically ob-
tained with the various doses studied and a
time period that has frequently served as a
basis for quantifying the effects of d-ampheta-
mine with other behavioral paradigms.

RESULTS

During the course of the experiment, three
of the monkeys (M-13, M-18, and M-24) never
exhibited any type of self-aggressive behavior
or abnormal posturing in the control or non-
drug condition. The other two subjects, how-
ever, did exhibit self-aggression in the absence
of the drug. The mean rate of occurrence of
sell-aggressive behavior during the period 45
to 165 min postinjection was 10.67 per hour
in Monkey M-06 and .67 per hour in Monkey
M-10 on days when saline was administered.
Monkey M-10 typically was very intense and
almost frantic in its self-aggression. It would
repeatedly bite its arms, legs, fingers, or toes,
firmly grip its arms or legs, and emit facial and
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vacal threats to parts of its own body. Monkey
M-06 was less intense in its self-aggression, and
it would hit or pull its brow or arms, pull hair
on its chin, and bite its arms, often while
slowly jumping up and down bipedally. The
factors that precipitated this behavior were
not always apparent. Self-aggression was pre-
ceded occasionally by abrupt termination by
another monkey of mounting or grooming at-
tempts by the subject, aggression to or from
other group members, self-grooming, or dis-
turbances from infants. In addition to sell-
aggression, Monkey M-10 also occasionally ex-
hibited unusual or abnormal posturing. The
rate of occurrence of this behavior was very
low and typically did not exceed once or twice
per day under nondrug conditions. Abnormal
posturing in Monkey M-10 was characterized
by the movement of a hind limb to the top of
the head where it rested motionless or moved
slowly across the top of the head. Posturing
typically occurred while the monkey sat
quietly and appeared inattentive to its sur-
roundings. During the course of the experi-
ment, there was no evidence of change in the
baselinte or nondrug rate of occurrence of self-
aggression or posturing in either monkey.

Over a range of doses encompassing 1.5 log
units (01 to .3 mg/kg), d-amphetamine in-
creased markedly the rate of self-aggressive be-
havior in Monkey M-06 and M-10 (Figure I},
Both monkeys displayed dose-dependent ef-
fects of d-amphetamine on self-aggression and
the dose-effect curves were of an inverted-U
shape. No change in rate was observed after
01 mg/kg, and maximum increases in self-
aggression were observed after a dose of .1 mg/
kg. The highest dose (.3 mg/kg) yielded in-
creases of lesser magnitude for both monkeys.
The rate of self-aggression after .1 mg/kg was
significantly greater (p < .05) than the rate
observed after saline administration (¢t test for
samples with unequal variances; Sokal &
Rohlf, 1981). Self-aggressive behavior was
never observed in Monkeys M-13, M-18, and
M-24 when d-amphetamine or saline was ad-
ministered and, consequently, data for those
moenkeys are not shown.

A time-course analysis of the effects of d-
amphetamine on self-aggression revealed com-
parable functions for Monkeys M-06 and
M-10, even though the former monkey dis-
played a much larger increase in self-aggressive
behavior than the latter. Individual time-
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Fig. 1. Effect of d-amphetamine on rate of self-ag-
gression in two stumptail macaques. Each data point is
the mean rate = SEM during the period 45 to 165 min
postinjection based on three administrations of each
dose. Data points (§) to the left of the dose-effect curves
were obtained when saline was administered as a
control.

course functions for .1 mg/kg d-amphetantine,
the dose that produced the maximum increase
in self-aggressive behavior, are displayed in
Figure 2. For both monkeys, the maximum in-
crease in self-aggressive behavior after .1 mg/
kg occurred during the period 45 to 105 min
postinjection; self-aggressive activity then de-
creased as postinjection time increased. The
rate of occurrence of self-aggressive behavior
returned to baseline values within 6 hours
postinjection,

Analysis of the effects of d-amphetamine on
posturing revealed that the drug had a similar
rate-enhancing effect on this behavior in Mon-
key M-10, the only animal in which posturing
was ever observed to occur under nondrug
conditions. As dose increased from .01 to .3
mg/kg, the rate of occurrence ol posturing in-
creased, and the maximum rate was observed
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at the highest dose studied (Figure 3). At .3
mg/kg, the rate of occurrence of posturing was
approximately 17 times the rate observed in
the absence of the drug. This rate was signifi-
cantly greater (p < .05) than the rate observed
after saline administration (¢ test for samples
with unequal variances; Sokal & Rohlf, 1981).
In none of the other four subjects was there
ever an occurrence of any behavior resembling
the posturing behavior observed in Monkey
M-10.

When the time-course effect of the drug on
posturing was determined, d-amphetamine
was found to have its maximum enhancing
effect on posturing during a period 90 to 105
min postinjection (Figure 4). The increased
rate then diminished toward the original base-
line value as postinjection time increased. The
time of maximum increase in posturing in
Maonkey M-10 coincided with the postinjection
time of maximum increase in self-aggression
in Monkey M-06. A saline curve is not shown
in Tigure 4 because posturing behavior did
not occur on the days when saline was admin-
istered. The behavior was observed, however,
on days when neither saline nor drug was ad-
ministered and, therefore, it was known that
the behavior had an average rate of 1 to 2
times per day under nondrug conditions.

DISCUSSION

"The results presented in this report show
that d-amphetamine can have effects on the
behavior of individual animals in a semifree
ranging or quasinatural environment that are
qualitatively and quantitatively similar to the
behavioral effects observed in an isolated and
highly controlled laboratory environment. d-
Amphetamine produced dose-dependent in-
creases in the rate of occurrence of activities
that were emitted under nondrug conditions
in the group setting. For self-aggressive behav-
ior, the dose-effect curves that resulted de-
scribed an inverted U-shape. These results are
consistent with and indicative of the effects d-
amphetamine has been found to have on con-
ditioned or learned behavior in individual
subjects of various species (Dews & Wenger,
1977; Kelleher & Morse, 1968). Moreover,
there is a close correlation between the time-.
course functions described by the present data
and those reported previously. In the present
study, the enhancing effect of d-amphetamine
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Fig. 2. Time-coursc effects of .1 mg/kg d-amphetamine on self-aggressive behavior in Monkeys M-10 (top) and
M-06 (bottom). Each data point is the mean = SEM based on threc administrations of the drug (filled circles)
or saline (unfilled circles). Line segments hencath the x axis indicate time periods during which subjects were

observed and data were obtained.

on self-aggression reached a maximum 45 to
- 105 min after injection, and then responding
decreased gradually. Others have reported com-
parable time-course [unctions showing that
the maximum plasma level and behavioral ef-
fect are obtained during the first two to three
hours postinjection (Costa & Garattini, 1970;
Gonzalez & Goldberg, 1977). Therefore, the
present experiment extends the generality of

the rate-enhancing effect of d-amphetamine to
include behavior emitted by members of a
group in a quasinatural environment and,
more specifically, behavior for which there is
no known history of conditioning.

The present experiment also emphasizes the
importance of the occurrence of behavior un-
der nondrug conditions as a determinant of
the behavioral effect of the drug. d-Ampheta-
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Fig. 3. Effect of d-amphetamine on rate of abnormal
posturing in Monkey M-10. Each data point is the mean
rate * SEM during the period 45 to 165 min postinjec-
tion based on three administrations of each dose. The
data point (§) to the left of the dose-effect curve was
obtained when saline was administered as a control.

mine increased the rate of self-aggression in
the two monkeys that exhibited self-aggression
prior to drug administration, but self-aggres-
sion was not observed to occur prior to or fol-
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lowing drug administration in the other three
subjects, Moreover, d-amphetamine increased
abnormal posturing in the monkey (M-10) that
exhibited posturing under nondrug condi-
tions, but the drug did not cause posturing in
the other four subjects. Therefore, d-ampheta-
mine produced dose-dependent increases in
the rate of occurrence of self-aggression and of
abnormal posturing when those types of be-
havior were emitted prior to drug administra-
tion, but d-amphetamine did not result in the
occurrence of those activities when they were
nat emitted in the absence of the drug.

The failure of d-amphetamine to evoke or
increase self-aggression or posturing in sub-
jects that did not exhibit the behavior under
nondrug conditions contributes to a better
understanding of the studies reported previ-
ously by Dews (1955), Verhave (1958), and
Clark and Steele (1966). In those experiments,
the effects of amphetamine on conditioned key
pecking in the pigeon and key pressing in the
rat were studied. Verhave reported that meth-
amphetamine did not affect key pressing in
rats not trained to make the response, but
it did enhance responding once training began
and the subjects were emitting the behavior
prior to drug administration. In Dews’ experi-
ment, methamphetamine did not evoke or in-
crease key pecking during a stimulus (§24) in
the presence of which reinforcement was not
scheduled and responding did not occur, but
responding did increase in the presence of the

104
54
0J T A
— FoT— T 7 T T T T T T T T T 1 T T Lt |
o 30 60 ?0 120 150 180 210 240 270 300 330
_ — e - —_ — — —

TIME TMINY AFTER INJECTION
Fig. 4. Time-course effects of .1 mg/kg d-amphetamine on abnormal posturing in Monkey M-10. Each data
point is the mean * SEM based on three administrations of the drug. Line segments bencath the x axis indi-
cate time periods during which subjects were observed and data were obtained.
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stimulys associated with food presentation. In
the Clark and Steele (1966) experiment, re-
sponding occurred at a low rate during an §4
stimulus and responding increased after the
administration of d-amphetamine. Unfortu-
tunately, these three studies did not allow one
to determine unambiguously whether the ef-
fects of amphetamine were dependent upon
prior occurrence of the behavior per se or
upon control of the behavior via a reinforce-
ment contingency. The present experiment
eliminated the latter possibility from consid-
eration by focusing on behavior that occurred
without the imposition of a reinforcement
contingency, and it was possible to demon-
strate that the effects of amphetamine were
dependent upon the occurrence of the behay-
ior prior to drug administration. The present
data cannot be attributed to a specific history
of training or conditioning or to the presence
of a reinforcement contingency because there
were no known contingencies controlling sell-
aggression for any of the five subjects studied.

In view of the studies by Verhave, Dews,
and Clark and Steele, Kelleher and Morse
(1968) concluded that “amphetamines have
less tendency to enhance responding in indi-
viduals that have no history of responding
than in individuals that have responded”’
(p- 33). The present data are consistent with
the Kelleher and Morse statement and they
provide additional confirmation of the validity
of the statement. d-Amphetamine can increase
the occurrence of hehavior such as self-aggres-
sion only in subjects that exhibit the bchavior
in the absence of the drug. Sollmann charac-
terized the phenomenon more eloquently in
his book when he stated that “pharmacologic
agents do not create new functions . . . they
can only modify existing functions” (Soll-
mann, 1934, p. 87).

The effects of drugs on the behavior of indi-
vidual subjects in a relatively natural group
sctting have not received extensive investiga-
tion in the experimental analysis of behavior.
Yet, the understanding of behavior and its
pharmacological modification in a natural en-
vironment are of ultimate concern, especially
as they apply to human health and welfare.
The present study provides additional evi-
dence that the behavioral effects of drugs ob-
served in the laboratory do generalize to the
natural environment and that the study of be-
haviorally active substances in a relatively

319

natural social group of nonhuman primates
can provide orderly and meaningful data.
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