INFORMATION TO USERS
This reproduction was made from a copy of a document sent to us for microfilming.
While the most advanced technology has been used to photograph and reproduce
this document, the quality of the reproduction is heavily dependent upon the
quality of the material submitted.
The following explanation of techniques is provided to help clarify markings or
notations which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document
photographed is "Missing Page(s)". If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages. This
may have necessitated cutting through an image and duplicating adjacent pages
to assure complete continuity.
2. When an image on the film is obliterated with a round black mark, it is an
indication of either blurred copy because of movement during exposure,
duplicate copy, or copyrighted materials that should not have been filmed. For
blurred pages, a good image of the page can be found in the adjacent frame. If
copyrighted materials were deleted, a target note will appear listing the pages in
the adjacent frame.
3. When a map, drawing or chart, etc., is part of the material being photographed,
a definite method of "sectioning" the material has been followed. It is
customary to begin filming at the upper left hand comer of a large sheet and to
continue from left to right in equal sections with small overlaps. If necessary,
sectioning is continued again-beginning below the first row and continuing on
until complete.
4. For illustrations that cannot be satisfactorily reproduced by xerographic
means, photographic prints can be purchased at additional cost and inserted
into your xerographic copy. These prints are available upon request from the
Dissertations Customer Services Department.
5. Some pages in any document may have indistinct print. In all cases the best
available copy has been filmed.

University
Microlilms
International
300 N. Zeeb Road
Ann Arbor, MI48106

8315290

Kirkisb, Patricia Marie

BEHAVIORIAL RESPONSES TO HALDOL AND SINEMET IN SQUIRREL
MONKEYS

The University of Arizona

University
Microfilms
International

PH.D. 1983

300 N. Zeeb Road. Ann Arbor. MI 48106

BEHAVIORIAL RESPONSES TO HALDOL AND SINEMET
IN SQUIRREL MONKEYS

by
Patricia Marie Kirkish

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF PSYCHOLOGY
In Partial Fulfillment of the Requirements
For the Degree of
DOCTOR OF PHILOSOPHY
In the Graduate College
THE UNIVERSITY OF ARIZONA

1 9 8 3

THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE

As members of the Final Examination Committee, we certify that we have read
the dissertation prepared by
en t i t l ed _ _...LB..l.<e:;J.bJ.<alo.lYuj~o.I.Lr-,aIo..lJ--J.B,lJ;e;;..:s'-l!P.LI..Q.u.D,Lo;su;e;;..:s<--l.tL.l.oL...J..Hj,,\;aI...&J~dL.l.oL.JJ--,aiW.D.I.l.d~S.L.Oio...l.D.....eO.lJmlol.lieo...\t,--,i"""D.L.....IoSLl,CJ.j,.I.J~ljo...l.r.....r.....eOi. lJ........M~Q.u.D...k....eo.Jy'"'"'-s

and recommend that it be accepted as fulfilling the dissertation requirement
for the Degree of

Date I

I

Date

1{-:1./-83
Date
Date
l{-2./-

r3

Date
Final approval and acceptance of this dissertation is contingent upon the
candidate's submission of the final copy of the dissertation to the Graduate
College.

I hereby certify that I have read this dissertation prepared under my
direction and recommend that it be accepted as fulfilling the dissertation
requirement.
0_

f_

l

tation Director

Date'

)

STATEMENT BY AUTHOR
This dissertation has been submitted in partial
fulfillment of requirements for an advanced degree at The
University of Arizona and is deposited in the University
Library to be made available to borrowers under rules of
the Library.
Brief quotations from this dissertation are allowable without special permission, provided that accurate
acknowledgment of source is made. Requests for permission
for extended quotation from or reproduction of this manuscript in whole or in part may be granted by the head of
the major department or the Dean of the Graduate College
when in his judgment the proposed use of the material is
in the interests of scholarship.
In all other instances,
however, permission must be obtained from~the author.

SIGNED:

~7r; 02"\'"

ACKNOWLEDGEMENTS
I wish to thank Dr. James King, my major professor,
for his caring and perserverence and Dr. Sigmund Hsiao for
his encouragement to explore.

Drs. Lansing, Tanz, and Pool

were supportive and I am indebted to them for this kindness.
To Phyllis Gold lowe much more than words can express.

iii

TABLE OF CONTENTS
Page
LIST OF ILLUSTRATIONS

v

LIST OF TABLES

vi

ABSTRACT

vii

INTRODUCTION

1

Haloperidol
Levodopa-carbidopa

2
8

METHOD

15

Subjects
Apparatus
Environmental Conditions
Drug Conditions
Procedure
Design
Test Procedure
Testers
Dependent Measures

15
15
15
16
16
16
17
17
18

RESULTS

21

DISCUSSION

27

REFERENCES

36

iv

LIST OF ILLUSTRATIONS
Page

Figure

1.

Huddling

22

2.

Locomotion

23

v

LIST OF TABLES
Table

Page

1.

Dependent variables . .

19

2.

Reliability measures

25

3.

Comparison of selected reliability
measures: correlation coefficient to
coefficient of agreement . • . . • .

26

vi

ABSTRACT
Two dopaminergic altering drugs, haloperidol and
carbidopa + levodopa, and juice only conditions, were given
to six squirrel monkeys in factorial combination with two
novel environments and an alone condition.

The point of

this research was to assess differences in subjects' adaptation to various stimulus conditions under the differential
influence of the two drug conditions.

Control conditions

for both drug and environmental variables were included in
the design, which provided a baseline for comparison with active variables.

Although no significant interactions be-

tween drugs and environments were found,

some interesting

reactions to the non-drug-laced vehicle were noted.
The drugs, haloperidol and carbidopa-levodopa, have
been used in many past comparative studies.

However, the

thrust of most research has been focused upon changes in
movement capability, or deterioration of movement ability.
Extrapyramidal side-effects, such as bizarre facial and
tongue movement and postural changes, have generally been
included in these investigations.

Little attention has been

placed upon adaptive change to novel environments, which may
occur with these drugs.

This research represents an initial
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investigation of such changes, an important consideration in
view of their widespread use as therapeutic agents with humans.

INTRODUC'l'ION
This research was an investigation of individual and
social behaviors of squirrel monkeys effected by two drugs,
haloperidol and carbidopa + L-dopa.

Subjects in each phase

of the drug conditions were exposed to three environmental
conditions:

(1) cage with a 41 bull snake, housed in a plexi-

glas container;

(2)

cage with a familiar peer;

(3) cage with

subject alone.
Nonhuman primates share many physiological and social/behavioral characteristics with humans.

Therefore, mon-

keys have been used extensively in medical and behavioral
research.

To date, many useful animal models of human path-

ology have been developed upon nonhuman primate research
(McKinney, 1974).

However, specific criteria must be im-

posed in order to assure that inferences from nonhumans to
humans are reasonable and defensible.

McKinney and Bunney

(1969) suggest three criteria:

(1) the symptom profile must

match in humans and nonhumans;

(2) the precipitating and/or

predisposing elements must be the same for humans and nonhumans;

(3) and the ameliorating or remedial factors must

also be the same for both humans and nonhumans.

In other

words, they state that pathology, cause and cure must match
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in humans and nonhumans in order for an inference to be justified as a first step to evaluating the squirrel monkey
model for haloperidol and levodopa.

This experiment was di-

rected towards determination of some basic effects of these
drugs on some social and individual behaviors in these New
World monkeys.
"

Monkeys are not furry little men with tails

. . • " (Suomi & Harlow, 1977); careful consideration must be
given to differentiate sensitivities across genera.

For ex-

ample, capuchin monkeys are more sensitive to chronic daily
doses of haloperidol than squirrel monkeys (Weiss & Santelli,
1978), even though both species are from the cebidae family.
Even within a species, sensitivities among individuals exist.
Not all humans suffering from diagnosed Parkinson's disease
respond similarly to carbidopa + L-dopa (Sinemet) (Buchsbaum,
1982).

When one considers the vast differences among indivi-

duals within a species and among species, exhaustive comparative research must be conducted, especially when the
question is the interaction between the complexities of a
pathological syndrome and drugs used as therapy.
Haloperidol
In the mid 1950's antianxiety and antidepressant
drugs were introduced into the United States.

In a few

short years they became the most commonly prescribed drugs
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(McMillan, 1979).

Haloperidol, a recent addition to this

drug classification is a commonly used antipsychotic agent
frequently prescribed for humans suffering schizophrenic episodes (Snyder et al., 1974).
blocker.

Haloperidol is a dopaminergic

The feedback mechanism of the postsynaptic recep-

tors blocked by haloperidol, stimulates the presynaptic
neurons to increase the synthesis and release of dopamine.
Since the post-synaptic sites are blocked by haloperidol,
the additional dopamine is metabolized by monoamine oxidase
(MAO).

The three major dopaminergic tracts include:

(1)

the nigro-striatal pathway which extends from the substantia
nigra to the corpus striatum and amygdaloid nucleus (this is
the region effected by Parkinson's deterioration);

(2) meso-

limbic pathway including the ventral tegmental area which
ascends with nigro-striatal tract, to innervate accumbens
nucleus olfactory tubercles and possibly part of the cerebral cortex;

(3) tuberoinfundibular pathway extending from

midbrain to the arcuate fibers of the hypothalamus, and mediates the release of prolactin.
Extrapyramidal side effects (EPSE) are common in subjects chronically medicated with haloperidol (Ayd, 1967).
Frazer and Winokur (1977) have outlined four symptoms which
typically comprise these side effects:

(1) Parkinson-like

symptoms which may include tremor, slowed voluntary movement,
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rigidity, and resting tremor;

(2) Akathesia, the compelling

feeling to be moving constantly, which is opposed to a specific and purposeful pattern of movement;

(3) Acute dystonia,

which includes facial grimacing and spastic head movements
usually to one side;

(4) Tardive dyskinesia, stereotypic

limb movement often seen as flailing, buccolingual signs and
lip smacking and sucking are usually seen in latter stages
of drug therapy or possibly after a protracted period of
dosing has been terminated.
In addition to the extrapyramidal side effects, the
antipsychotics cause "sedation, orthostatic hypotension,
visual and retinal pigment changes, dermatological reactions
(photosensitivity, poikilothermy, obstructive jaundice, and
occasionally agnanulocytosis"

(McMillan, 1979).

Other seri-

ous concerns which occur with chronic medicating with haloperidol are the extrapyramidal side effects: tachycardia and
cardiovascular hypotension are less frequent effects mentioned in the Physicians Desk Reference (PDR, 1981).

Pro-

longed use of haloperidol, like the phenothiazines, may lead
to permanent changes in the extrapyramidal system (Weiss,
Santelli & Lusink, 1977).
Gunne and Barany (1976) were among the first researchers to produce a series of deteriorative stages by
chronic dosing with haloperidol.

These researchers
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described three categories of movement functionally related
to the length of haloperidol treatment:
and Parkinson-like tremor (AD-P}i
buccolingual signs {TD};

{I} acute-dystonia

(2) tardive dyskinesia and

(3) qualitative changes in general

motor activity.
Weiss, Santelli and Lusink {1977} found similar results with squirrel and capuchin monkeys, sedation, followed
by repetitive movements, bizarre posturing and episodic hyperkinesia.

During their one and one-half year study they

reported wide individual variation.

In a subsequent study

{Weiss & Santelli, 1978} using weekly doses of haloperidol,
Weiss found essentially the same effects as in earlier studies, although significant effects were not observed until
the lOth week of dosing.

The authors believed that their

findings showed two important changes in the functioning of
the extrapyramidal system.

First, since haloperidol is an

effective dopamine blocker, Parkinson-like symptoms were induced by the blocking effect of the drug.

Secondly, ex-

tended receptor blocking produce increased sensitivity to
dopamine.

This increased sensitivity was frequently ob-

served in clinical cases of Parkinson's disease when L-dopa
treatment was administered.
Although several researchers have addressed movement
disorders induced by haloperidol (Crane, 1973; Gunne &
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Barany, 1976; Weiss, Santelli & Lusink, 1978), not many have
researched the effects of haloperidol on adaptive and memory
functioning.

Bartus, a researcher primarily known for his

geriatric work, studied the effects of haloperidol on shortterm memory (STM) in rhesus monkeys (1978).

In his study,

Bartus used five levels of haloperidol and a no drug control.
Doses ranged from .006 mg/kg to .05 mg/kg and each of the
five subjects received all of the drug levels in randomized
order.

Bartus described the characteristic reduction of

correct responding to the longest (30 sec.) retention interval and an effective suppression of performance at all retention intervals (0, 15, 30 sec.) for the two largest doses
(.025 and .05 mg/kg) of haloperidol.

However, no dose by

retention interval interaction was significant.

Bartus in-

terpreted these findings to indicate that haloperidol has a
general, nonspecific sedating effect on STM and the dopaminergic pathways.

STM effects of chronic haloperidol ad-

ministration should be investigated at therapeutic dose
levels (.5 mg).
Three New World species of the cebidae family,
white-fronted capuchins, black-capped capuchins and squirrel
monkeys, were used in a three-year study of haloperidolinduced movement disorders (Weiss et al., 1977).

Dosing

ranged from .10 to 1.0 mg/kg/day of haloperidol elixir mixed
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in fruit drink.

Generally, large doses produced sedation

and chronic doses produced combinations of all extrapyramidal side effects (EPSE).

Additionally, chronic dosing for

six months, or longer, produced potentiation for future
small level dosing, even when a drug-free period of nine
months was maintained, a small single dose produced all
EPSEs which had been observed during chronic dosing.

One

striking effect of this study was that no behavioral withdrawal effect occurred.

Clinically, withdrawal from pro-

longed use of haloperidol is recommended in a stepwise
reduction (PDR) , in order to avoid agitation which accompanies complete immediate abstinance.

What was most striking

about the squirrel monkey results was the amazing variability of sensitivity to the same drug dose among subjects.
Careful attention to the dosage details over the long experimental period indicate how related dose level and chronic
administration are in the production of the wide variety of
movement disorders observed in both human and nonhuman primates.
In a subsequent study (Weiss & Santelli, 1978), the
effects of weekly haloperidol doses were investigated with
two capuchin species and one squirrel monkey.

One to eight

hours after the lOth weekly dose, arm-flailing, lip-smacking,
limb tremors, bizarre posturing, yawning, salivation and
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essentially the extrapyramidal side effects Weiss had
observed in previous daily haloperidol dosing.
Levodopa-carbidopa
Neuroanatomical and neurochemical advancements in
the 1950s and 1960s provided the basis for treatment of
Parkinson's disease (Weiner, 1981).
important insights were achieved.

During this period two
The first was that dopa-

mine had a functional role, as a neurotransmitter, in the
extrapyramidal projections of the brain.

It had previously

been thought that dopamine was only an intermediary metabolite for other catecholamines.

Secondly, autopsy results of

Parkinson patients revealed impoverished dopamine concentrations in the corpus striatum and a cellular depigmentation
in the substantia nigra.

These two breakthroughs precipita-

ted treatment of Parkinson's disease with levodopa (L-dopa).
The large doses (2-4 grams/day) were needed to effect significant reduction of parkinson symptoms but produced severe side-effects (anorexia, nausea and vomiting) •
This led to the development of combining levadopa with carbidopa.

Carbidopa is a peripheral dopa decarboxylase inhi-

bitor, which reduces the metabolism of levadopa to dopamine
in the peripheral nervous system, thereby permitting a
greater quantity of L-dopa to pass through the blood brain
barrier and affect the therapeutic elevation in central
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nervous system dopamine levels needed to reduce parkinson
symptoms.

Although the combination of L-dopa and carbidopa

is far more efficacious than levodopa alone, it too produced
side-effects.

Long-term cosing generally produces choreic

movements in buccolingual and limb areas.

Additionally,

nausea and vomiting can occur, especially at treatment onset.

Psychiatric side-effects can include sleep disturbance

(vivid nightmares), auditory and visual hallucinations, paranoia and psychosis.

Most troublesome is the longer and lar-

ger the treatment dose, the more likely are the side-effects.
Also,

continued treatment most often produces a susceptibil-

ity to the side-effects, so that after chronic treatment
with the combination even small doses are prone to produce
side-effects.

What has been labelled as the lIon-offll prob-

lem is another side-effect of long-term therapy with L-dopacarbidopa.

It is the rapid (sometimes as quickly as

two-three minutes) vascillation between choreic movement and
parkinson movement.

It is still unknown to what extent cel-

lular degeneration is involved in this syndrome.
Most research with L-dopa+carbidopa has focused upon
its effects on movement.

In a comparison of systemic L-dopa

+ carbidopa intraperitoneal (IP) injections with dopamine
and norepinephrine (NE) intracranial mesolimbic (Ie) injections, two primates species (six rhesus monkeys and four
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squirrel monkeys) were found to be sensitive to prophylactic
haloperidol doses which preceded monoamine administration
(Dill et al., 1979).
The findings of Dill et al. are consistent with
those of other researchers, who have reported agitation, hypervigilance and increased locomotion in squirrel monkeys.
The depression of activity and oral-facial movements which
Dill reported for both IC- and IM-treated subjects was new.
Because of the IC dose size, Dill et al. concluded that the
similarities between the treatment techniques were due to
activity in the same brain area, mesolimbic.

Additionally,

they suggested that findings from NE injection, slight
trends towards effects seen from DA, were further substantiation that their results were an effect of increased adrenergic receptor activity in the mesolimbic area.
Hyperkinesia and hypervigilance were among the
effects found from research with L-dopa on rhesus monkeys
(Sassin, Taub & Weitzman, 1972).

All L-dopa treated sub-

jects, and one apomorphine-dosed subject, exhibited hyperkinesia and hypervigilance, occasionally to no apparent
stimulus.

stereotypes, repetitive movements of the face,

mouth and tongue were observed, and excessive grooming, to
the point of skin abrasion.

In one subject side-to-side

head and neck movements were present.

No discernable
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effects from saline or PCPA alone were observed.

However,

PCPA adjunctive to L-dopa netted similar effects to L-dopa
dosing.

Nasogastric ingestion of 400 mg/kg L-dopa had no

effect even though the same dose IP produced dramatic results.

When considered with Dill's et al.

(1979) results

this does not seem surprising for a few reasons.

Most pro-

minently, L-dopa administration, without accompanying carbidopa, is generally thought to be converted in the peripheral
nervous system (PNS) to dopamine.

A substantially greater

amount of L-dopa crosses the blood brain barrier into the
central nervous system if carbidopa is administered concurrently.
An additional result was that dose-response relationships between subjects were variable.

One subject

exhibited a full range of effects after its first dose (25
mg/kg), whereas another subject did not show the same degree
of symptoms until the third day of treatment (after 200 mg/
kg had been given).

It was reported that suggestive symptom

trends emerged in some subjects, but until a critical dose
level was attained for an individual, only rudimentary
trends were manifest.
An interesting conclusion,

drawn by the authors, was

that the range of abnormal motor activity produced by L-dopa
was not due to existing pathology, but a result of the
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dosage levels, a result which bears consideration when selecting levels of L-dopa for treatment of Parkinson's
patients.

Perhaps due to some methodological changes,

Ridley, Baker and Scraggs (1979) reported substantial reductions of amphetamine-induced movement disorders with haloperidol pretreatment.
The present research was an attempt to investigate
the behavioral and social effects of haloperidol and carbidopa + L-dopa on normal squirrel monkeys (Saimiri sciurius).
The drugs, haloperidol and carbidopa + L-dopa, as previously described, are both known to be specifically effective
in the dopaminergic pathways of the brain.

Haloperidol is

frequently prescribed for humans suffering schizophrenic
episodes.

The major action of this drug is a dopaminergic

blocker in the postsynaptic receptors (Pincus & Tucker,
1978), as measured by homovanillic acid (HVA) , the major metabolite of dopamine (DA) in the brain (Bacopoulos et al.,
1980).

It, therefore, reduces DA synaptic activity.

L-dopa

+ carbidopa, marketed by Merck, Sharp and Dohme as Sinemet,
is used as an antiparkinson (AP) medication and increases
dopamine stores in the eNS.
The three environments were designed to provide a
degree of challenge to the subjects' ability to adapt to
either potentially threatening or potentially social

13
circumstances.
ous snake.

The threatening environment was a nonpoison-

The social environment was a familiar peer.' And

the control environment was no stimulus.

The environments

are completely described in the Method section.

Because

previous research with these drugs has focused primarily
upon activity levels and locomotion patterns, it is hoped
that this research will add a valuable dimension to understanding the effects of these frequently prescribed drugs.
The social behavior effects of these drugs have not been investigated; it was therefore the focus of this research to
explore any adaptive changes that are affected by drug dosing.

Although it was impossible to predict how each of the

drugs would effect behavior, two slightly anthropomorphic
speculations seemed possible.

The first \'/as that haloperi-

dolls sedating effect would hasten the subjects
and subsequent interaction, with the peer.

I

adaptation,

Squirrel mon-

keys are very active, an observer might even label their
high activity level as hyperkinetic.

In learning studies

with squirrel monkeys, adaptation to the test environment
usually takes several weeks.

Perhaps this long period is

necessary because of their high activity.

Since initial

haloperidol doses produce decreased activity, it seemed
reasonable that it would calm the subjects to the degree
that adaptation to novel environments might be facilitated.

14
Secondly, since i t is unclear to what purpose the high activity level serves in squirrel monkeys, it may be that a
threshold level of investigation/activity is necessary before the subject acclimates to a new environment.

If the

excited exploration serves a purpose, then sedation may retard the process of adaptation.

METHOD
Subjects
Six feral born squirrel monkeys (S. sciurius), three
males and three females, between the ages of approximately
four to seven years, were used.

None of the subjects had

ever been used in drug research, although all had been participants in behavioral research of various kinds.

All ani-

mals were individually housed in 20"W x 27"H x 27"D
laboratory wire-mesh cages, where food and water were provided ad libitum, at 7 a.m. and 3 p.m.
Apparatus
Two digital recording devices were used to record
the frequency and duration (in 1/2-second intervals) of all
social and individual behaviors.
Environmental Conditions
The three environmental conditions included:

(1)

cage with familiar peer (previously housed in an adjacent
cage);
ium;

(2) cage with a snake contained in a plexiglas vivar-

(3) cage with no stimulus.

All of the test environ-

ments were contained in a separate colony room to which the
subjects were moved two weeks prior to the onset of the experiment.
15
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Drug Conditions
All drugs were soluable in water and were given in
20 ml of standard dilution Hawaiian Punch.

Subjects re-

ceived the drink every day of the experiment at 12 p.m.
Drug conditions were as follows:

(1) haloperidol elixir .5

mg/kg;

(2) L-dopa + carbidopa 50/20 mg/kg (Dill et al.,

1979);

(3) Hawaiian Punch only.
Procedure

Design
A Latin Square-type design (Edwards, 1972, pp. 297298) was repeated using three unique combinations.

This de-

sign was chosen to accommodate complete pairing of two
independent variables, drugs and environments, each with
three levels.
In order to preclude a build-up or carry-over effect
of any of the drug conditions, each drug treatment day was
precedeo and succeeded by one drug-free day, the two drugfree days between a drug treatment was further assurance
that drug interactions were minimized (Ridley, Baker &
Scraggs, 1979; Dill et al., 1978).

Each treatment combina-

tion lasted for three days, the first and third days were
drug free, only on the second day was the drug given.

All

subjects were maintained in their home cages except during
the three hours of testi'ng each day.
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Test Procedure
A three-minute observation was made, one-half hour
prior to drug administration.

The author then gave the drug

+ vehicle, one-half hour after which a tester observed each
subject for three minutes.

Four subsequent observations

were made for three-minute intervals each.

After the last

observation the tester returned the subject to its home
cage.

Observations were made seven days a week, and sub-

jects were observed in an appropriately randomly determined
order each day to assure observation counterbalancing.
Testers
All observers were pretrained on observation techniques for three weeks prior to the collection of data.
testers began training by observing pairs of monkeys.

All
The

remaining 16 days of training included pairs of observers
rating subjects' behavior, using the recording devices employed in actual data collection.

The author was present

and discussed and corrected any errors in observer's judgement.

No tester knew what drugs were being used nor on

which days drugs were being given, all testers were blind
to the drug procedure.
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Dependent Measures
Individual and social variables are presented on
Table 1.

Social measures included the behavior of both the

subject and peer.

Hinde has developed relative measures in

an effort to generate indices of social interaction (Hinde &
Atkinson, 1970).

These measures afford the observer the op-

portunity of specifically determining which of the observed
animals initiated, maintained, and terminated an interaction.
The nature of the interactions are as follows:

(1)

AP I(AP +
s
s

AP ), the ratio of subject approaches to total approaches;
p

(2) R API (AP + AP )
s
P
s

I

the ratio of subject rejections to to-

(3) Lsi (Ls + Lp)' the ratio of subject leav-

tal approaches;

ings (terminations of interaction) over total terminations;
(4) G I (G + G )
ssp

I

the ratio of interactions in which the sub-

ject groomed the peer over the total number of grooming interactions;

(5)

as, the total number of times subject

oriented toward the snake;

(7) AS, the total number of times

the subject avoided the snake, by assuming the farthest position from the snake.

Individual measures included:

locomotion, moving about from a point of origin;

(1)

(2) pacing,

repetitive circling or movement between two points;

(3) ac-

tivity play, energetic movement and interaction with the environment;

(4) self-grooming, scratching, manipulating or

licking fur;

(5) self-orality, mouthing of any body part;
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Table 1.

Dependent variables.

Social Behaviors
APp

Peer approaches subject

APs

Subject approaches peer

RsAP

Subject moves away from peer's approach

RpAP

Peer moves away from subject's approach

Lp

Peer leaves interaction with subject

Ls
Gp

Subject breaks interaction with peer
Peer grooms subject

Gs

Subject grooms peer

Individual Behaviors
Loc

Locomotion movement from a place of origin

Pacing

Repetitive movement, may also be stereotypic

Act PI

Activity play, energetic movement and interaction with environment

Self Gr

Self-grooming

Self Or

Self-orality, mouthing of any body part

Perch

Perching, orientation outward

Huddle

Huddling, orientation inward tail usually
around shoulder

Env Manip

Environmental manipulation of stationery objects within cage

AS

Avoid snake by assuming a position as far from
snake as possible

OS

Orient toward snake

Rigidity

Sustained hyperextension of any limb

Buc

Buccolingual movement may include tongue extension, grimacing, or any bi zarre :f~cial movements
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(6) perching, sitting motionless on perch, orientation outward;

(7) huddling, head, tail and limbs retracted, orienta-

tion inward;

(8) environmental manipulation,

manipulating objects in the environment;
tained hyperextension of any limb;

picl~ing

up or

(9) rigidity, sus-

(10) buccolingual

movement, tongue extension, bi"zarre facial expression, or
lip-smacking.

RESULTS
An analysis of variance was performed on each of the

six dependent variables having duration scores greater than
zero.

These behaviors were perching, huddling, pacing, lo-

comotion, self-grooming, and self-orality.

The repeated

measures analysis was based upon observations made at 1 p.m.,
1:30 p.m., 2 p.m. and 2:30 p.m.; time, drug conditions, and
environments were the three independent variables.
Huddling over time was a significant main effect
[F (3, IS)

=

7.21, p < .005].

This main effect is represented

on Figure I, where i t can be noted that the percentage durations for huddling dramatically decreased from the 1 p.m.
observation through the 2:30 p.m. observation.
In contrast to the reported decrease in huddling,
locomotion significantly increased across observation times,
as can be viewed on Figure 2,

[F (3, IS)

=

4.53, p < .01].

Although other dependent variables seemed to vary
subtly, no other significant main effects or interactions
occurred.
Repeatedly, i t was observed that all subjects became
very active when the drink was introduced.

During the half

hour subjects had access to the juice they did little else
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but drink.

When juice was presented to a neighboring sub-

ject, one subject in particular, would attempt to grab the
container.

Removal of the container usually provoked

screeching and increased locomotion, even though all the
juice had been drunk.

The high activity, however, quickly

subsided into huddling.
Interobserver reliability measures were calculated
using Pearson correlation coefficient, and the average correlations for observed behaviors are presented on Table 2.
Although the correlations are generally high, a comparison
between a Pearson correlation and a coefficient of Agreement,
Table 3, reflects the discrepant degree to which two observers rated the occurrence of locomotion equally.

As can be

seen, the discrepancy is substantial, although the trends
from the mean are in the same direction across observations.
Although the coefficient of Agreement is a more stringent
measure of absolute agreement (Sackett, 1978)

I

the Pearson

correlation was used since the point of this study was to
determine trends between vastly different treatment conditions.

Additionally, observers were trained for three

weeks and seemed to reach an asymptote competency and tendency for agreement.
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Table 2.

Reliability measures. Mean correlation coefficients for behaviors evident during reliability
trials.

SelfGroom

Perching

Huddling

Subject

Locomotion

Pacing

125

.77

.88

.83

.64

0 Frequency

174

.62

.97

.77

.73

.87

92

.80

.94

.49

.75

.88

NO

.58

.82

.64

.62

0 Frequency

79

.86

.87

.59

.98

0 Frequency

.70

.89

.86

.74

0 Frequency

.7352

.9087

.7211

.8178

Whisk

.8741
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Table 3.

Comparison of selected reliability measures: correlation coefficient to coefficient of agreement.

Locomotion Size
Observer Y

X

Y

X

Observer G

1

1

0

2

9

8

10

8

7

8

6

3

5

2

=

.54

=

5

X
g

=

Pearson
Correlation

.91

4.6

Coefficient
of Agreement

.04

DISCUSSION
It was hypothesized that social behaviors would be
differentially affected by the two drugs which would be compared to drug placebo days.
did not occur.

Disappointingly these results

The self-focused behaviors, i.e., huddling,

self-pacing and self-orality were included as sensitive measures of aberrant behavior (Suomi & Harlow, 1977), and it
was assumed that they would increase in one or both of the
acute drug conditions.

Huddling was the only one, of these

behaviors, for which a significant main effect was found,
and it did not differ as a function of drug condition, but
as a function of time.

The linear decrease in huddling

durations over the four post-drug-ingestion observation
times probably reflected the subjects' gluted condition,
which gradually lessened within the two hours of recorded
observations.

During the half hour subjects had access to

the drug-laced fruit punch they would cling to the cage wire
upon which the bottle was attached and lick furiously.

In-

termittently they sat on their perches in a self-focused
posture, presumably resting, and resumed their licking until
the juice was gone.
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As sedentary behaviors decreased, active behaviors
increased.

Locomotion was the reciprocal of huddling, and

increased over observation times as huddling lessened.

Un-

fortunately, no differences in this behavior were noted relative to drugs or environments.
No other main effects or interactions were significant.

Perching remained at a moderately high rate, the mean

percentage of half-second intervals was 20 percent across
all observation times.

Pacing and self-grooming were both

low durations for all observation times.
percentages were .14 and .033.

Their respective

Self-orality, a very low

duration measure, varied considerably.

Its mean percentage

across time was .016.
During the first week of the experiment the snake
aroused much activity, vocalization and locomotion.

However,

thereafter little behavioral changes accompanied the introduction of the snake.

This habituation may have been due to

two important methodological flaws.

The first involves the

cage in which the snake was kept while being presented as a
stimulus.

It was a shallow wood-framed wire mesh cage with

a plexiglas top that fit under subjects' cages.

However,

since the snake was a stimulus for two subjects each day,
the snake and cage were moved twice each half hour.
undoubtedly was

~isruptive

This

for all subjects, including the
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snake, since these movements were in full view of all subjects.

Secondly, while the four-foot snake remained a pro-

vocative stimulus when handled out of its cage, it failed
to continue being fear provoking when tucked safely under
subjects' cages in its own container.

The monkeys tended

not to show concern about a safely trussed snake, regardless
of its size.

Since neighboring subjects' cages were par-

tially visible, i t is entirely possible that some vicarious
information was acquired regarding the snake.
The lack of social interaction in the social condition was especially unexpected.

Although all male subjects

were paired with familiar female companions, only infrequent
social interactions were observed.

This is quite surprising

since subjects had been maintained in pairs prior to the onset of the experiment.

In their home environment pre-

experiment observations were made and it was found that a
greater degree of touching, perching together and "chasing"
occurred than during the experimental condition.

It was

possible that the daily changing conditions may have disrupted the stability necessary for the limited social exchanges between squirrel monkeys to occur.
The fact that haloperidol dosing did not produce a
statistically significant effect may be associated with administration regimen.

Each drug dosing was sandwiched
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between two drug-free days.

This was purposely arranged in

order to prevent toxicity, or potentiation of side-effects
(Weiss & Santelli, 1978).

Unlike much previous research,

this investigation was designed to assess any changes in
adaptation to new environments, not movement disorders,
which have generally been the focus of haloperidol research
(Gunne & Barany, 1976; Weiss et al., 1977; Weiss & Santelli,
1978).

However, in the previously cited works chronic halo-

peridol dosing continued from one to one and one-half years.
Gunne and Barany (1976) reported the first movement disorders occurred after five-seven weeks of chronic oral dosing
with haloperidol.

Although these findings were considered

when this research was designed the primary question was not
focused upon movement disorders and, therefore, chronic
dosing was not used.
The alternate option was a large single dose.
Bartus (1978) described the effects of an acute dose of haloperidol upon STM.

It has been argued, however, that his

highest dose (.05 mg/kg) was not acute.

Bartus additionally

administered a maximum of two doses per week, a procedure
the present study employed.

Although Bartus reported reten-

tion deficits at all dose levels no dose-by-retention interval interaction was found.

It was therefore presumed that

even at the moderate doses Bartus used, a significant
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effect was produced by haloperidol.

It was for this reason

that .05 mg/kg was selected for this study.

In retrospect

successive repetition of each dose and environment might
have produced a discernable effect.
No consistent behavioral changes in rhesus monkeys
with low doses of L-dopa have been reported (Sassin, Taub &
Weitzman, 1972).

However, with chronic combinations of in-

traperitoneal and nasogastric doses greater than 100 mg/kg
amphetamine-like hyperkinesia and stereotypes occurred.

In

another study (Dill et al., 1979) L-dopa + carbidopa,
chronic IP injections in rhesus and squirrel monkeys, was
compared to intracranial injections of dopamine into the
cannulated nucleus accumbens of four of the squirrel monkey
subjects.

They found the systemic injections produced an

initial depression of activity followed by bizarre movements, hYpervigilance and increased activity.

The Ie injec-

tions produced similar order and type of behavior changes.
Obviously, subjects involved in stereotyped behaviors or
writhing on the cage floor cannot adequately attend to a
novel stimulus irrespective of adapting to it.

Therefore,

one dose buffered by two drug-free days seemed an appropriate insulation for this study.
The immutable fact, however, is that in an effort to
be cautious and to protect the subjects of this study
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important methodological flaws eradicated the potential results.

It seems advisable to use either higher doses of

both drugs or chronic doses for at least two consecutive
months.

It is unknown how long a chronic haloperidol regi-

men needs to be in order for permanent changes or sensitization to the drug to occur.

This is a valuable consideration

for nonhuman primate researchers interested in protecting
their colonies as well as for human psychotics who are maintained on the drug for extended periods.
The within-subject design provided maximum power and
reduced between-subject variance for the small sample size.
It would seem profitable to have each drug level prolonged
for at least two weeks, during which time each environmental
condition would be systematically paired with each drug.
The second recommendation is that each class of environment
condition contain more than one stimulus object.

This would

circumvent the problem of habituation and enable assessment
of the relative saliency of a variety of stimuli for further
research.
An additional experimental procedure should include
a learning set task which would test the relative changes
under these two drugs.

This is an important aspect when con-

sidering protracted therapeutic dosing with these drugs.
This research failed to determine any changes in social
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interaction as a function of drug administration.

Rather

than measuring the frequency or duration of actual encounters it is advisable to use an information processing model
which would entail analyzing social behaviors relative to
their preceding behaviors.

This would give substantial in-

formation regarding the probability of any encounter as a
function of preceding behaviors, i.e., feeding generally
precedes grooming.
Although the results of this project do not resemble
any of the established research with haloperidol or L-dopa +
carbidopa, the disparity is suspected to be a result of the
cautions methodology used in this study.

This project was

designed to investigate social interactional and adaptation
changes in squirrel monkeys, and therefore the chronic doses
used in previous research were not a desirable risk.
Since movement disorders have been the primary focus
of these previous researches it was hoped that this research
would provide illumination about the changes which occur
with these drugs, commonly used to alleviate the symptoms of
psychosis and Parkinson's disease.

Several methodological

changes may produce a more profitable study.
The dosing regimen used in this study was obviously
inadequate.

Maintaining the within-subject design .and the

latin-square presentation of independent variables, the

34

duration of each treatment combination must be extended, possibly to eight seven-day weeks.

During each eight-week drug

phase the complete combination of each environmental condition should be presented.

A necessary precaution must in-

clude non-repeated pairings of each drug with an environment,
i.e., for Subject 1 a snake may be the fear stimulus used
with haloperidol, whereas Subject 2 might see the snake with
L-dopa + carbidopa.

It is therefore necessary that a vari-

ety of similarly valenced stimuli be used.
Additionally, drug reactions must be closely monitored.

Not only do daily observations need to be made, but

particular attention to any subtle motor changes must be included.

The daily dosing of each drug phase must be separ-

ated by two drug-free weeks, during which time each subject
ITlight be returned to the colony living situation in which it
was maintained prior to the experiment onset.

During these

interim periods it would seem advisable for at least informal daily observations to be made to ascertain that no lingering drug effects exist to contaminate the successive drug
phase.

Pre-experiment baseline observations would serve to

substantiate these drug washout intervals.
The addition of a learning set problem to the experimental procedure would further serve as a test of adaptive changes relative to these drugs.

Because of the
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confounding inherent in adding a somewhat lengthy learning
set problem into an eight-month study, it would seem reasonable to include it as one of the environmental conditions
within the study.

For this reason the learning set paradigm

is a good choice with two glaring exceptions.

If each learn-

ing set is to be run to criterion, then the time involved
for each subject will be different.

The repercussions are

that each subject will be given drugs for differing periods
of time.

Since this is unacceptable, as well as risky, it

is suggested that each phase of the learning set be run for
a set number of days, a procedure that is commonly employed.
The second problem is that each phase of the learning set
will be included as an environmental condition, and therefore presented to each subject according to the latin-square
design.

Successive learning sets may be separated by as

many as five weeks or as few as two weeks.

In any case this

is contrary to the usual procedure of this type of learning
paradigm.

The alternative is to assess each learning prob-

lem as a separate and unrelated problem.

Although this

seems less desirable i t may be a satisfactory compromise.
Intermodal discriminations seem a likely problem which would
provide sufficient variety to stand as a quite independent
environmental challenge.
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The final recommendation involves the use of information theory to measure changes in sequences of social behaviors under the three drug conditions.

Information theory is

a method of analyzing the probability of any pair of behaviors relative to the amount of information conveyed by a
behavior.

If successively occurring behaviors are not ran-

domly occurring, but related, then the behavior of Subject 1
is influenced by the information transmitted by either his
preceding behavior or another subject's preceding behavior.
This is a particularly meaningful methodology in social behavior under various psychotropic drugs (Kendrick, 1979).
Using information theory to interpret the social interaction
would not change the experimental procedure, but rather add
substantially to what can be learned from this aspect of the
study.
This study, rather than answering the posed questions, has provided insights into the pitfalls of the
methodology.

The resulting recommendations may allow these

interesting and relevant questions to be addressed in this
author's future work.
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