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ABSTRACT

Social aggressive and avoidance responses and general motor 

activity of the male adult squirrel monkeys (Saimiri sciureus) were ob

served in fixed pairs which competed for water. In addition, numerous 

water intake measures were obtained which included: latency to first

drink, latency to accumulate 15 total seconds of drinking, and the 

total duration of drinking time accumulated. The members of each pair 

were observed under control, saline, and three levels of L-Dopa (50, 

100, 150 mg/kg) conditions. During the active drug condition, only 

one monkey was drugged while its partner received a saline injection. 

The 100 and 150 mg/kg doses of L-Dopa resulted in significant increases 

in aggressive responses when compared to the control and saline condi

tions and numerous dominance reversals were observed when the submis

sive member was drugged. The non-drugged monkeys also demonstrated a 

significant increase in avoidance responses when the drugged partner 

received the 100 mg/kg dose level as compared to the condition where 

both monkeys received no injections (control). No significant differ

ences in any of the water competition measures or in the amount of 

general motor activity as a result of experimental condition was 

observed.



INTRODUCTION

Aggression
Aggression has been defined in numerous ways. It has been used 

both to fit theoretical constructs and to provide an explanation of ob
served behavior.. An inclusive definition for aggression is hampered by 
the fact that numerous -studies have.shown that it is not a unitary con
cept (Valzelli, 1967; Moyer, 1968; Reis, 1974; Moyer, 1976).

Moyer (1976) has provided one of the most useful definitions of 
aggression and the one that will be used in this study. Aggression was 
defined as the overt behavior of an animal which has the intent to in- 
.flict noxious stimulation to another animal or to act destructively 
toward an inanimate object.

Six types or classes of aggression were defined by Moyer (1976): 
11) Predatory; (.2) Inter-Male; (3) Fear-Induced; (4) Maternal; (5) Ir
ritable; and (6) Sex-Related. MOyer believes that each of these types 
of aggression has different physiological correlates and the types of 
aggression may in fact be mutually exclusive in their central nervous 
system effect. Reis (1974) divided aggression into two types which he 
labeled affective and predatory. Both Reis and Moyer make a major dis
tinction between predatory behavior and the other forms of aggression. 
Barash (.1977) does not even include normal predatory behavior as a form 
of aggression.
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The class of aggression that Moyer labeled irritable aggression 

will be the type investigated in this'experiment * The characteristics 

of this class of aggression vary, based on the different stimuli that 

will elicit the aggression and the topography of the aggressive re

sponse.. In its pure form, it would consist of an attack without any 

attempt to escape being made by the animal attacking * The topography 

of the aggressive response may vary from "uncontrollable rage" to a 

threat attack» Unlike the other forms of aggression, there is no spe

cific arousal stimulie It can be directed against members of the same 

species, same sex, different species, different sex, or inanimate 

objects c

Aggression can be artificially induced or decreased by numerous 

methods which include cerebral lesions, cerebral electrical stimulation, 

painful stimulation (i.e., foot shock), isolation, hormonal manipula

tion, and pharmacological treatment (Valzelli, 1967; Moyer, 1968). 

Valzelli (1967) in a review article reported on 204 studies that dealt 

with pharmacological manipulations in animals. Only eight studies 

showed an increase in aggressive behavior. Some of the other 196 re

ported studies showed an increase in one type of aggression with a de-* 

crease in another or a varied response depending on the species 

involved. The 204 pharmacological manipulations reported on attempted 

to alter most aspects of the central nervous system. The largest num

ber of these studies has been directed toward the cholinergic system as 

it has been the more investigated part of the central nervous system.
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Dopamine

Parts of the nervous system can be classified according to the 

type of synaptic transmitter or neurohumor involved. The two parts are 

the cholinergic system and the adrenergic system. The transmitter in 

the cholinergic system is acetylcholine (ACh) , while in the•adrenergic 

system norepinephrine, dopamine e and serotonin are all believed to be 

transmitter substances.

Dopamine is itself a biogenic amine manufactured from an amino 

acid called tyrosine and is the substance the body uses to produce 

norepinephrine.

The relationship between dopaminergic and cholinergic neurons 

is not totally clear. Bartholini? Stadler, and Lloyd (1975) believe 

that these two types of neurons are mutually regulating and function

ally interconnected and that the cholinergic neurons are under an in*̂  

hibitory dopaminergic influence while the dopaminergic neurons are 

activated by a cholinergic input. Groves* Wilson, Young, and Rebec 

(1975) have proposed self-?inhibitory mechanisms within the dopaminergic 

neurons themselves. This would suggest that an antagonistic dopamine- 

acetylcholine interaction exists.

The dopamine role in aggression has been studied through phar

macological manipulations. These studies have attempted to modify the 

central dopaminergic activity in two distinct ways: (1) by increasing 

the concentration of dopamine at the receptor sites through the use of 

the drug Dopa which is the precursor of dopamine and can pass through 

the blood-brain barrier; or (2) by the use of drugs that would act 

directly on the dopamine receptor sites, usually apomorphine (Pradhan,



1975)o The results of the experimental manipulations have been con

fusing and contradictory in that results have shown both an increase 

and a decrease in aggressive behavior depending on the methodology and 

on the drug dosage level. Welch and Welch (1971) conclude that the 

increased activation of the central dopaminergic receptor sites results 

in a facilitation of general motor activity to include aggression.

Reis (1974)in his review of the chemical coding of aggression, also 

concludes that dopamine probably facilitates aggression with the excep

tion of predatory aggression, on which dopamine has an inhibitory 

effect.

Many studies have found an increase in general motility follow

ing injections of L-Dopa or dopamine in various species. Hodge and 

Butcher (1975) found that L-Dopa or apomorphine produced periods of de

creased activity interspersed with hyperactivity in male mice. The 

decrease in activity may be accounted for by an increase in stereotyped 

behavior. The drug dose level of 100 mg/kg up to 800 mg/kg for L-Dopa 

was, however, very high and could have had an effect.on the results. 

Herman (1975) found that the direct injection of dopamine into the 

lateral ventricle of the brain of conscious mice resulted in increased 

motility and an increase in the number of rearings, which had been pre

viously classified as aggressive behavior by Randrup and Munkvad (1969) .

Meldrum, Anlezark, and Trimble (1975) in a study with baboons 

(Papio papio) found that apomorphine injected intra-ventrically re

sulted in both an apparent overall increase in restlessness and an 

increased readiness for aggressive responses. During this experiment 

the baboons were being tested in a primate chair to measure photically



induced epileptic responses and EEG and therefore were not paired during 

the treatment, resulting in the findings not being conclusive-

Goldstein et al„ (1973) in an experiment with green monkeys 

(Gercopithecus sabaeus) found an increase in aggressiveness when the 

subjects received intraperitoneal injections of 100 mg/kg of L-Dopa 

along with a dopa decarloxylase inhibitor that acted peripherally«, The 

increase in aggression was at its highest point from one to two hours 

following the L-Dopa injection.

Social Dominance in,Squirrel Monkeys 

Social dominance with its accompanying social hierarchies has 

been observed in squirrel monkeys (Saimiri sciureus) in a variety of 

environments. Observations of squirrel monkeys in their natural habi

tats were made by Thorington (1968) and Baldwin and Baldwin (1972). 

Observations in the semi^natural environment of Monkey Jungle, Florida 

were made by Baldwin (1968) and DuMond (1968.) . Ploog, Blitz, and Ploog 

(1963) made extensive observations in a laboratory environment, and 

Plotnik, King, and Roberts (1968) studied squirrel monkeys in a com

petitive and controlled environment.

Social dominance hierarchies, as observed in both natural and 

laboratory environments, have been defined in terms of the number and 

direction of aggressive responses between monkeys in a social group.

The dominant, or alpha, monkey aggresses to all other monkeys and re

ceives only a minimal number of aggressive responses from the other 

monkeys in the group. The most submissive, or omega, monkey emits very 

few aggressive responses compared to the large number of such responses



received from monkeys above him in the social groupo Dominance has also 

been defined in terms of successful competition for food and perch or 

cage positions in a laboratory environment« Clark and Nakashima (1972) 

describe.several apparatuses to assess dominance in competitive situa

tions o

in a natural environment, social dominance hierarchies have been 

found, to be typically, though not exclusively, male oriented and to be 

most apparent during the breeding season. (Baldwin, 1968). These hier

archies have been described as multi-dimensional in that monkeys take 

on different roles as,a function of social learning (Green, Whalen,

Rutley, and Battle, 1972? Rowell, 1974). When dominance is defined by 

aggressive responses, it has not been observed to predict access to 

food, territory, or mates* The hierarchies themselves have also been 

observed to be unstable, DuMond (1968) and Baldwin (1968) report 

several reversals in the dominant monkey of the social group,

A stable hierarchy of social dominance with fixed roles and 

behaviors is necessary to show any drug-induced changes in social domi

nance , Mazur (1973) proposed several status characteristics of mammals 

in social groups, He found that the variables which correlate with 

these characteristics are intensified by captivity, Rowell (1974) sug

gests that social dominance hierarchies develop in reaction to stressful 

conditions of captivity, Plofnik et al, (1968) induced a stable hier-? 

archy in squirrel monkeys by reducing the available space and by causing 

the monkeys to compete for food or to avoid shock. This hierarchy was 

linear in that each animal aggressed frequently to all monkeys lower in 

the social order while receiving relatively few aggressive responses in



return from monkeys lower in the hierarchy. The dominant animal also 
competed more effectively for food rewards than did other animals.

After obtaining a relatively stable hierarchy of social domi
nance, it is still necessary to find a measure of the degree of social 
dominance before it becomes possible to measure changes induced by the 
dosage levels of drugs. The measures of aggression used in this study 
were taken largely from Plotnik et al. (1968) and consisted of genital 
display, pushing, grabbing, biting, chasing, and displacement as 
further described below.

Genital display— the animal displays its penis, usually erect, 
to the face of another animal while spreading its legs and bending the 
hip and knee.

Pushing— the aggressor physically moves or changes the position 
of an animal by pushing with its hands and arms.

Grabbing— the aggressor reaches with an open hand and grabs the 
fur of another animal.

Biting— the aggressor bites another animal with its teeth.
Chasing— -the aggressor attacks and continues to pursue a 

retreating animal.
Displacement— an animal forces another animal from its place 

and then assumes the vacated spot. This behavior is often associated 
with territory guarding.

Mazur (1973) described social dominance hierarchies in terms of 
power, influence, and prerogatives taken by each animal. The higher 
the animal's position in the social order the more likely it was to 
exhibit these characteristics. Aggressive responses may be a means by



which to exercise power and influence over other animals. Rowell (1974) 

found that subordinate monkeys exhibit more avoidance and retreat behav

ior than monkeys higher in the social order, especially under stressful 

circumstances. Power and influence diminish and avoidance increases as 

a function of decreasing social position. Clark, Kessler, and Dillon 

(1973) found the dominance hierarchy in squirrel monkeys to be highly 

stable over a 12 month period when there was no interpolated social 

experiences with other group members.

Since social dominance does not always result in more successful 

competition for food incentives, Clark and Dillon (1973) introduced a 

water incentive method for measuring social dominance which will be used 

in this study. They found the highest correlation for observed qualita

tive measures of social dominance with the monkey that first attained 15 

seconds of drinking time and the next highest correlation with the ani

mal that controlled the water incentive for the most elapsed time during 

a five minute trial. This quantitative measure of social dominance 

seemed to resolve many of the definitional problems of measuring social 

dominance such as physical speed, chance orientation toward the incen

tive, attention to possible clues, or ability to adapt to the novel 

dominance testing situation. They also concluded that negative incen

tives were a very poor way to measure social dominance, so no negative 

. incentives will be used in this study.



PURPOSE OF THE STUDY

It is recognized that there are interactions between the 

cholinergic and dopaminergic systems. These interactions, although not 

precisely understood, have been observed for many different functions 

of the brain such as activity level and motor control, Thomas, 

Caccamise, and Clark (1978) found that the cholinergic stimulant, 

physostigmine, resulted in an increase in aggressive responses in 

squirrel monkeys when the monkeys were paired in a water competitive 

situationc

This study was designed to test the hypothesis that L-Dopa, as 

the precursor of dopamine, would result in an increase in aggressive 

behavior when squirrel monkeys were paired In a water competitive situ
ation o This hypothesis was based on the interaction with the cholin

ergic and dopaminergic systems and the work of Reis (1974) who believed 

that dopamine neurotransmitters have a positive effect on affective 

aggression» Moyer's (1976) classification of irritable aggression 

would be considered one aspect of affective aggression.

9



METHOD

Subjects
Ten feral-reared male squirrel monkeys weighing from 791 to 

1061 grams were the test subjects. Subjects were maintained on an ad 

lib feeding schedule and housed individually in their normal home cages* 

Subj acts were water-deprived for 8 hours prior to each■experimental 

session*

Apparatus .

Subjects were observed in pairs in a chamber measuring 75 x 

40 x 70 cm. The side facing the observation station was plate glass 

and two adjacent entry hatches permitted the simultaneous entry of both 

subjects into the test chamber. A single retractable drinking spout 

protruded into the chamber and was attached to a bottle containing 

100 ml. of a mixture of four parts water and one part7Hawaiian punch.

Procedure

Experimental conditions were assigned to test days in the 

following sequence: control,■ drug, saline, drug. This sequence was

repeated throughout the study with a between-sequence interval of 48 

hours. Control days had no injections prior to testing although the 

subjects' were placed in the restraining chairs 60 minutes prior to the 

actual test as in the other test conditions. On saline days, both 

subjects, were placed in the chair and injected" with isotonic saline

10
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60 minutes prior to testing» On a drug day, one member of each pair 

received a drug injection of L-Dopa while the other member received, an 

isotonic saline injection 60 minutes prior to testing» This procedure 

was repeated until each subject had received each dose level of L-Dopae

Drug dose levels were randomly assigned with the limitation that only

one monkey of each pair received a drug dose on a given day. No monkey

was injected more than twice a week and only once a week did any monkey

receive an active drug injection.

The 10 monkeys were divided into five fixed pairs and were 

tested once every 48 hours. The pairs were determined prior to the 

start of the experiment and were based on a hierarchy assessment which 

was made during the pxe^experimental training.

The test procedure took the following form: at the end of a

five second buzzer, which signaled the onset of the trial, both animals 

were simultaneously admitted to the test chamber where the drinking 

spout was readily available. Five one-minute periods of drinking were 

alternated with five one-minute periods of no access to the water spout 

for a total trial time of 10 minutes. Access to the water spout was 

controlled by a retractable mechanism which removed the bottle during 

periods of non-access. The onset of the drinking availability periods 

and the non-availability periods were signaled by a five second buzzer 

and a five second high pitched tone respectively.

Measures

The following cumulative time measures were taken: (1) latency

to the water spout, the time it takes for a monkey to take its first
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drinki (2) 15 second latency, the time it takes a monkey to accumulate 

15 seconds of drinking time; (3) drinking duration, the total amount of 

time a monkey spent in drinking, and (4) motility level, which was de

fined as spontaneous movement of two limbs resulting in a 3 cm movement 

of the monkey*s torso.

Social aggressive measures, taken from Plotnik, King, and 

Roberts (1968), included grabs, pushes, bites, chases, displacements, 

and genital displays. In addition, avoidance responsesdefined as the 

movement of one body length away from an approaching monkey, were also 

recorded.

Response measures were recorded by two observers, each with a 

set of cumulative frequency counters, and each responsible for record

ing behaviors of one of the animal pairs. Cumulative time measures 

during pre-experimental individual testing were practiced so that the 

two observers achieved a high interrater reliability for both the time 

measures and the appropriate response classification for the social 

interaction. Observers were blind as to drug or saline conditions of 

the subjects.

Pre-experimental Training

The monkeys were trained to drink from the water spout and to 

compete for water in pairs. In addition, they were habituated to the 

injection procedures. This pre-experimental training was accomplished 

in the following three phases.

1. The monkeys were placed individually into the test chamber 

daily until each had accumulated, on three consecutive days, 15 seconds
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of drinking within the first minute of drinking access and 240 seconds 
of drinking in five minutes. The five minutes of access to the bottle 
alternated with five minutes of non-access in one minute sections.
After obtaining this measure of proficiency, the monkeys were placed 
in the chamber three times per week to maintain their proficiency until 
all 10 monkeys met this criteria.

2. Monkeys then competed in pairs for water on a "round robin" 
basis.where each monkey was paired with each other. Each animal was 
observed once, a day until all possible pairings were completed.

3. The last stage of training included all aspects of the test
ing procedure to include injections. Prior to social testing, each mon
key was placed in the restraining chair and injected with saline. They 
were then placed in the test situation in pairs which had been made 
prior to this phase based on the hierarchy assessment. Animals were 
tested twice in these pairs to ensure a stable hierarchy on a schedule 
of every other day. Previous research had indicated that handling and 
restraint necessary for injections did not disrupt social interactions 
(Thomas, 1975).

Hierarchy Assessment,
The dominance hierarchy was determined during the final stages 

of training before the introduction of the active drug to the study. .
The hierarchy was based on aggressive responses and competitive drink
ing behaviors recorded during the round robin pairings of pre- 
experimental training. Based on aggressive responses, a monkey's 
position in the dominance order was determined by the ratio of
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aggressive responses emitted to those received from each other monkey c 

The greater the ratio # the higher the monkey8 s position in the dominance 

hierarchyo An identical dominance order was observed based upon the 15 

second latency and the total drinking duration measures. Monkeys that 

accumulated 15 second drinking faster and drank longer were considered 

the dominant members of the pairs* The 10 monkeys were then paired for 

the experiment, with the most dominant monkey (1) being paired with the 

number 6 monkey and 2 and 7, 3 and 8, 4 and 9, and 5 and 10 making up 

the other pairs* The determination of the hierarchy assessments was 

made on the basis of the aggressive response measures when this measure 

was different from the drinking measures. Such a disparity occurred 

for only two monkeys out of the 10.

Drugs

1. L-Dopa was dissolved in IN HCL and adjusted to a Ph of 7.0 

by adding .IN N a O H T h e  suspension was then divided into three equal 

parts to which sterile distilled water was added until the suspensions 

were all isotonic. The concentrations of 50 mg/3cc, T00mg/3cc, and 

150 mg/cc were obtained by adding sterile saline to each of the three 

suspensions.

2. Saline injections were given 60 minutes prior to the test-' 

ing to provide uniformity with the injection procedures for L-Dopa.



RESULTS

The dominance-sxibniissive dichotomy which was determined prior 

to the experimental conditions was stable for four of the five pairs of 

monkeys for control and saline days. This stability was shown for all 

dominance measures . including aggressive and avoidance responses, total 

drinking duration and latency to accumulate 15 seconds of drinking.

The fifth pair, however, had numerous dominance reversals during the 

control and saline days (three of six pairings) for all measures used. 

The dominance measure was therefore not considered in the statistical 

analyses of the effects of L-Dopa on the dependent measures observed in 

this study. Table 1 shows the composite data for the six dependent 

measures for each of the eight experimental conditions. Data shown for 

the three drug levels were obtained in a single pairing for each drug 

condition. The data for the saline and control conditions consisted of 

the mean value for three days of pairing for each condition (control and 

saline). One saline data point for one monkey pair was eliminated from 

statistical analyses due to a methodological problem on the first saline 

day. One of the monkeys would not leave the transfer cage and had to be 

physically forced out. This monkey then exhibited more avoidance re

sponses, than were observed for all. other pairings (14 in all) combined. 

It is believed that forcing the monkey out of the cage resulted in a 

complete and artificial disruption of the normal social interactions 

for that day and the results were therefore omitted for all statistical

15



Table 1. Effects of L-Dopa on behavior during fixed pair drinking competition

Control X Saline X
L-Dopa Injection Level 

50 mg/kg 100 mg/kg 150 mg/kg
Partner L-Dopa Injection Level 
50 mg/kg 100 mg/kg 150 mg/kg

Latency to 
first drink 60.60 64.75 46.60 65.00 56.20 49.05 62.65 64.70

15 second 
latency 112.52 110.14 76.75 106.55 76.25 84.30 114.40 122.50

Total drinking 
duration 139.40 139.70 147.95 150.95 173.60 126.05 128.05 104.40

Total motility 
duration 56,10 52.58 58.60 32.50 52.40 58.10 65.05 50.00

Number of 
avoidances 1.20 1.67 2.30 3.30 2.10 2.80 4.10 3.80

Number of 
aggressions 2.97 2.97 5.90 7.70 7.40 3.00 5.90 4.40
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comparisons„ All data were then analyzed with a 1 x 5  repeated analysis 

of variance for drugged monkeys1 behavior as compared to their behavior 

on control and saline days,

L-Dopa had a significant effect on the measures used to observe 

aggression and avoidance behaviors. As shown in Figure 1, aggressive 

responses for drugged monkeys varied with dosage of L-Dopa (IT 4,36 = 

6*27, p <*01). Further analysis with the Newman Keuls Range Test re

vealed that both the 100 mg/kg and the 150 mg/kg dose levels of L-Dopa

resulted in significantly more aggressive responses in the drugged mon

key than either the control or saline condition (p <*01}* The total 

aggressive responses were highest for the 100 mg/kg drug level which 

resulted in an inverted U-shaped curve for the aggressive responses 

found. The aggressive responses by the non-drugged partner are also 

indicated in Figure 1, The level of aggressive responses by the non

drugged partner were elevated when the partner had received 100 mg/kg

dose of L-Dopa, but the difference was not statistically significant*

This is at least partially the result of one pair where the non-drugged 

partner exhibited 27 aggressive responses or almost 50% of the total 

responses for that level.

The number of avoidance responses by the drugged monkey did not 

appear to be affected by the different L-Dopa injection levels* The 

level of the avoidance responses remained relatively stable across ex

perimental conditions as shown by Figure. 2 and was not significant 

(F 4,36 = 1*39) in the 1 x 5  ANOVA. The avoidance responses by the 

non-drugged partner were significantly affected as also shown by 

Figure 2. This difference in avoidance responses was reflected in a
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significant ANOVA (F 4,36 = 3.74, p <.025) where the 100 mg/kg and 150 

mg/kg doses of L-Dopa in the partner resulted in more avoidance re

sponses' by the non-drugged monkey than did the control condition 

(p < .05) with the Newman Keuls Range Test. This result would be ex

pected, by the increase in the aggressive responses shown in the L-Dopa 

drugged partner.

No consistent effect on any of the drinking measures was found. 

L-Dopa, while affecting the social interactions did not seem to alter 

the water competition behaviors as demonstrated by the following figures 

and statistical tests.

Figure 3 shows the obtained values for the latency of the first 

drink for both the drugged sub]ect and the non-drugged partner. As 

demonstrated by the figure, L-Dopa injections did not alter the first 

drink latency for either the drugged or non-drugged condition. A re

duction in the latency for the first drink was found for both monkeys 

when one of the subjects had received the 50 mg/kg dose level of L-Dopa 

although the differences were not significant (IP 4,36 = 1.0 for drugged 

monkeys and F_ 4,36 = 1.0 for the non-drugged partner).

SimilarlyL-Dopa did not significantly affect the latency to 

accumulate 15 seconds of drinking by either the drugged monkeys or 

their non-drugged partners as presented in Figure 4. Although L-Dopa 

injections did result in a reduction in the 15 second latency of 

drugged monkeys at the lowest and highest dose levels, these differ

ences were not significant (IP 4,36 = 1.42) . The differences in the 15 

second latency for the non-drugged partners were also not reliable 

(F 4,35 = 1.24).
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The total drinking duration data are shown in Figure 5, A 

linear increase in the drinking duration was obtained as a function of 

the drug dose level, but was not statistically significant (I? 4,36 = 

1.11)» This increase was not the result of more frequent drinking re

sponses which remained relatively constant and was in fact fewer for 

the three dose levels than either the control of saline levels 

(6.8^8.9 drinking frequencies for drugged conditions to 9.4 for control 

and 10.0 for saline). The non-drugged monkeys declined in their total 

drinking duration as the drug dose level of their partner increased. 

This decline, however, was not significant (F_ 4,36 = 1.03) and would be 

the expected result as the aggressive responses and total drinking in

creased for their partner.

Finally, L-Dopa had no consistent effects on the general motor 

activity of either the drugged monkeys or their non-drugged partners, 

as presented in Figure 6. The 1 x 5  ANOVAs indicated that experimental 

conditions had no significant effects on the general motor activity of 

drugged monkeys or their non-drugged partners (F̂ 4,36 = 1.44 and 

F 4,36 = 1.0 respectively).
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DISCUSSION

Dopamine and its common, drug form L-Dopa is widely used in the 

treatment of Parkinson8 s disease-• The side effects of L-Dopa in man 

have therefore been widely investigated and include such psychiatric 

phenomena as paranoiaf stereotyped behavior t and disturbed thought con

tent when given in high dose levels« These effects are reversed by re

ducing the dosage (Barbeau, 1972). Barbeau showed that a certain linear 

progression of the effects, occur in humans from agitation and irritabil

ity through anger up to a catatonic syndrome* The way that dopamine 

exerts its effect on mental functions is not clearly understood.

Snyder, Horn, Taylor, and Coyle (1972) believe that a high dopamine 

content in some way upsets the balance with the other neurotransmitters 

(noradrenaline, ACh, serotonin)* This effect could be the result of 

either increased competition for the transport or storage mechanisms or 

a change in the turnover rates for the other amines.

Randrup and Munkvad (1967) in a study with squirrel monkeys 

produced stereotyped behavior similar to humans with amphetamines.

This behavior consisted of moving the body and arms back and forth in 

a lateral motion. This stereotyped behavior was also produced in 

stump tail macaques with d- amphetamine which directly affects the dopa

mine system (Carver, Schlemmer, Maas., and Davis, 1975) .

No stereotyped behaviors were observed during the experimental 

conditions in this study. This was undoubtedly due to the relatively

26
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low dose level of L-Dopa and the minimum of 96 hours between drug in

jections e The lack of any increase in motility is also important when

the main dependent variable being investigated is an increase in 

aggressive behaviors, If an increase in the general level of motility 

has been observed as a function of the drug level, more physical en

counters in the relatively small test cage between the two animals 

would have occurred. Any increase in aggressive responses could in 

that situation be merely the result of the increased chance encounters

and not due to the effect of L-Dopa on agression per se.

Much of the work on the relationship of L-Dopa or the dopamine 

neurotransmitters and aggression has been done on mice. The results 

have shown an increase, decrease, or no effect depending on the tech

nique and method used in relation.to the dose level„ Karczman and 

Scudder (1969) found a decrease in aggression when the mice were in

jected with 50 mg/kg of L-Dopa» In this review paper, Karczman and 

Scudder report on a large series of experiments conducted over the 

preceding six years in which they concluded like Moyer that "aggression 

is a goal- and situation-dependent activity,B (Karczman and Scudder, 

1969, p. 223)6 This situational dependency for aggression was also 

shown by Kletzin (1969) where he found that L-Dopa at dosage levels of 

250 mg/kg and 500 gm/kg in mice will produce increased biting on a 

stick inserted into the cage but decreased fighting. These results 

must be interpreted with the realization that Kletzin counted only 

severe fighting which resulted in injury to the untreated mouse as an 

example of fighting. Such acts of aggression as tail biting and rear- 

ings were not considered to be examples of fighting.
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The significant increase in aggression by the squirrel monkey 

when it.received either the L-Dopa dose level of 100 mg/kg or 150 mg/kg 

was in accordance with the predicted findings of Welch and Welch (1969, 

1971) , Reis (1974) , Pradhan (1975) , and Everett (1977) Everett felt 

that an increase in the dopamine neurotransmitter would have a positive 

increase in affective aggression which would include the irritable class 

of aggression in this studyo Welch and Welch (1969, p. 195) wrote that 

"it seems likely than an appropriate small dose of DOPA could be found 

which when administered alone under the proper conditions would enhance 

fighting," The mechanism involved which results in this increase is 

not clear. It is known that especially in the adrenergic system each 

of the neurotransmitters is closely related and in fact dopamine is a 

precursor of norepinephrine which is the precursor of epinephrine * It 

is possible that the increase of dopamine due to the L-Dopa injection 

has its effect on increased aggression by the resultant increase in 

norepinephrine in the brain or its closely related neurotransmitter 

substance serotonin. The increase in aggression found by Thomas, 

Caccamise, and Clark (1978) when squirrel monkeys were injected with 

physostigmine may be the result of an increase in dopamine levels of 

the brain as Bartholini, Stadler, and Lloyd (1975) among others showed 

that physostigmine enhances the dopamine turnover in the striatum. 

Studies by Welch and Welch (1971) on mice have shown that variables 

such as isolation and shock which increases aggressive behaviors in 

mice have on brain amines after chemical analysis of the brain..

An excellent means to further understand the effects of dopa

mine in aggressive behavior would be through the use of injections of
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the drug primozide which is a very specific agent in blocking dopa

minergic mechanisms as compared to other mechanisms such as serotonin 

(Anden et al., 1970; Jacobs, 1974; Colpaert, Wauquier, Niemageers, and 

Lai, 1975). '

In summary, L-Dopa has been shown to positively affect aggres

sive behaviors in squirrel monkeys although the precise mechanism 

involved in this affect cannot yet be determined.
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