
Phencyclidine-induced hyperactivity and stereotyped
behavior in rats: antagonism by haloperidol or propranolol

Item Type text; Thesis-Reproduction (electronic)

Authors Hsu, Chia-Hsuh

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:35:48

Link to Item http://hdl.handle.net/10150/557637

http://hdl.handle.net/10150/557637


PHENCYCLIDINE-INDUCED HYPERACTIVITY AND STEREOTYPED 

BEHAVIOR IN RATS: ANTAGONISM BY HALOPERIDOL.

OR PROPRANOLOL

by

Chia-Hsuh Hsu

A Thesis Submitted to the Faculty of the

COMMITTEE ON PHARMACOLOGY (GRADUATE)

In Partial Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  8 1



STATEMENT BY AUTHOR

This thesis 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 thesis 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 judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED: ^  =

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below:

LINCOLN CHIN Date
Professor of Pharmacology 

and Toxicology



This thesis is dedicated to my family and friends 

for their encouragement.



ACKNOWLEDGMENTS

I am deeply grateful for the direction and continuous 

encouragement of Dr. Lincoln Chin, my committee chairman, Dr. Paul 

Consroe and Dr. James Boren.

Dr. Boren helped me in running the experiments and in prepara

tion for the final draft of this thesis. Without him I would not have 

been able to accomplish this work. I am very appreciative of his 

effort.

Finally, this Department of Pharmacology provided me with 

support in a variety of»ways and Dr. Consroe supported me financially. 

I am lucky to be associated with all.



TABLE OF CONTENTS

Page

LIST OF TABLES . .  .........   e . . . . - . . - « . e . . .  . vi

ABSTRACT......................   . . . . . .   vidi

CHAPTER

1. INTRODUCTION . . . . . .  .......... , 1

History . . . . , o , e  ............................. 1
Pharmacology . . .  ...............    3
Stereotypy and Hyperactivity .......................  5
Objective   7

2. METHODOLOGY » „ o  ,   9

Drugs ...........  o o o o o o o . o o .    9
Animals.............        9
Apparatus ........................................  9
Procedure........................................  10

3. RESULTS . . . . . . .  o o o  ...........    . 12

Dose Response Experiment.............     12
Phencyclidine-Haloperidol, 0.1 mg/kg, Experiment . . .  18
Phencyclidine-Haloperidol, 0.5 mg/kg. Experiment . .> . 25
Phencyclidine-Propranolol Experiment ...............  33

4. DISCUSSION.............     47

LIST OF REFERENCES . . . . . .  .............    51

v



LIST OF TABLES

Table Page

1, Means and Standard Deviations of Photocell Activity
Counts after Different Doses of Phencyclidine (PCD) • . 13

2. Summary of Statistical Analyses of Photocell Activity
in the Dose-Response Experiment „ , • > . . . . . . . . . 15

3. Photocell Activity Summary of Newman-Keuls Comparisons
between Different Doses of Phencyclidine for Each
Block3 .............    16

y4, Means and Standard Deviations of Behavioral Scores after
Different Doses of Phencyclidine (PCP) .   0 19

5 o Summary of Statistical Analyses of Behavioral Scores in
the Dose-Response Experiment ,  .............   20

6. Summary of Newman-Keuls Comparisons between Behavioral
Scores after Different Doses of Phencyclidine for Each 
Block ........... . ............... . . . . . . . .  . 21

7. Means and Standard Deviations of Photocell Acticity County
in Phencyclidine (PCP)-Haloperiodol (HPD), 0.1 mg/kg. 
Experiment    22

8. Summary of Statistical Analyses of Photocell Activity in
the Phencyclidine-Haloperidol, 0.1 mg/kg. Experiment . . 24

9. Newman-Keuls Comparisons on Photocell Activity in the
Phencyclidine (PCP)-Haloperidol (HPD), 0.1 mg/kg,
Experiment  .................    26

10. Means and Standard Deviations of Behavioral Scores in 
Phencyclidine (PCP)-Haloperidol (HPD), 0.1 mg/kg.
Experiment...........................'.   . 27

11., Summary of Statistical Analyses of Behavioral Scores in 
the Phencyclidine (PCP)-Haloperidol (HPD), 0.1 kg/mg. 
Experiment . . . .  ..............   28

vi



vii

LIST OF TABLES— Continued

Table Page

12. Means and Standard Deviations of Photocell Activity
Counts in the Phenocyclidine (PCP)-Haloperidol (HPD)5
0.5 mg/kg. Experiment . .  ...........   29

13. Summary of Statistical Analysis of Photocell Activity in
the Phencyclidine (PCP)-Haloperidol (HPD)9 0.5 mg/kg, . 
Experiment...... .....      31

14. Newman-Keuls Comparisons on Photocell Activity in the
Phencyclidine (PCP)-Haloperidol (HPD)9 0.5 mg/kg5 
Experiment . . . . . . . . . . . . . . . . .  ............ 35

15. Means and Standard Deviations of Behavioral Scores in the
Phencyclidine(PCP)-Haloperidol (HPD), 0.5 mg/kg.
Experiment  ................  36

16. Summary of Statistical Analyses of Behavioral Scores in the
Phencyclidine(PCP)-Haloperidol(HPD)5 0.5 mg/kg.
Experiment  ......... . .......... . . 37

17. Newman-Keuls Comparisons on Behavioral Scores in the
Phencyclidine(PCP)-Haloperidol(HPD)s 0.5 mg/kg.
Experiment...........    38

18. Means and Standard Deviations of Photocell Activity in the
Phencyclidine(PCP)-Propranolol(Prop) Experiment . . . . .  39

19. Summary of Statistical Analyses of Photocell Activity in
the Phencyclidine Propranolol Experiment ...........  . 40

20. Newman-Keuls Comparisons on Photocell Activity in the
PhencyclidineCPCP)-Propranolol(Prop) Experiment . . . . .  41

21. Newman-Keuls Comparisons on Photocell Activity in the
Phencyclidine(PCP)-Propranolol(Prop) Experiment . . . . .  42

22. Means and Standard Deviations of Behavior Scores in the
^Phencyclidine(PCP)-Propranolol(Prop) Experiment..... 43

23. Summary of Statistical Analyses of Behavioral Scores in
the Phencyclidine(PCP)-Propranolol(Prop) Experiment . . .  45

24. Newman-Keuls Comparisons on Behavioral Scores in the
Phencyclidine(PCP)-Propranolol(Prop) Experiment . . . . .  46



ABSTRACT

The purpose of this investigation is to examine over a 

relatively long interval a broad spectrum of behavioral effects caused 

by intraperitoneal (i»p„) injection of a wide range of phencyclidine 

(PCP) doses in rats 9 and to evaluate haloperidol and propranolol as 

potential antagonists to these effects, All doses of PCP caused hyper

activity and stereotypies. Maximal hyperactivity was produced by PCP 

in a dose of 10 mg/kg. Larger doses of PCP (259 50, and 100 mg/kg) 

increased the latency for hyperactivity in a dose-related fashion and 

produced a longer duration of stereotyped behavior.

Haloperidol, 0.1 or 0.5 mg/kg, i.p. , and propranolol, 10 or 25 

mg/kg, i.p., were tested against two i.p. doses of PCP, 10 and 25 mg/kg. 

The lower dose of haloperidol suppressed hyperactivity caused by the 

10 mg/kg dose of PCP, but not that caused by the 25 mg/kg dose of PCP. 

The lower dose of haloperidol also failed to block stereotypies induced 

by both doses of PCP. However, the larger dose of haloperidol blocked 

hyperactivity and stereotypies caused by both doses of PCP. Blockade 

of hyperactivity was more persistent than antagonism of stereotypies. 

Both doses of propranolol suppressed hyperactivity caused by 10 and 25 

mg/kg doses of PCP. However, only the largest dose of propranolol 

blocked stereotypied behavior caused by both doses of PCP.



CHAPTER 1

INTRODUCTION

History

Phencyclidine (1, 1-pheny1cyclohexy1 piperidine)5 commonly 

called PCP, was first synthesized from the reaction of 1-piperidino- 

cyclohexanecarbonitrile with Grignard reagent in 1926 by Kotz and 

Merkel (Maddoxs Godefroi, and Parcell 1965)„ It is a weak base and 

is highly insoluble in water9 but the hydrochloride salt is freely 

soluble in water. Phencyclidine (base) has a molecular weight of 

243.889 a melting point of 234-236°Cs and a :pK̂  of 8.5, and at room 

temperature, it is a stable, white crystalline powder (Garey 1979).

Since PCP was reported to produce a general anesthetic state 

at high doses in animals without significantly affecting respiration, 

heart rate, blood pressure, body temperature, or gastrointestinal 

motility (Chen 1958; Chen et al. 1959), it was recommended for clin

ical investigation in humans. Because PCP produced "serenity" in 

most animals, it was assigned the brand name "Sernyl." Although it 

proved effective as an anesthetic, producing a profound state of anal

gesia without disturbing circulatory or respiratory functions, psychot

ic reactions, including severe excitement on emergence and hallucinatory 

disturbances, developed in some post-surgical patients (Griefenstein 

et al. 1958). Due to these side effects, Parke, Davis and Company in



1965 requested that further human clinical trials be discontinued 

(Garey 1979). In 1967, PCP was marketed by Parke-Davis as an anesthetic 

for veterinary use, mainly in primates, under the trade name Sernylan.

At about the same time, the illicit use of PCP was first reported in 

San Francisco, where it was given the street name of "PeaCe Pill" (Garey 

1979). The term "PeaCe Pill" was derived from pronouncing the conso

nants PCP, [an abbreviation of the chemical name for phenyl-cyclohexyl- 

piperidine] (Shulgin and Maclean 1976). It did not gain popularity 

because many persons experienced adverse effects and it all but vanished 

from the illicit drug scene shortly after it was introduced (Meyers,

Rose and Smith 1967). However, abuse of PCP dramatically increased in 

the early 1970Ts, when it was commonly misrepresented as lysergic acid 

diethylamide, mescaline, psilocybin, amphetamine, cocaine and most fre

quently, as tetrahydrocannabinol (TEC). Phencyclidine was the agent of 

choice among illicit drug suppliers because the chemical precursors are 

readily available and the manufacturing process is relatively simple 

(Moriarty 1978). Phencyclidine is sold in various forms, including 

tablets, capsules, paper squares, powders, and occasionally as a liquid 

(Moriarty 1978; Aronow and Done 1978). It can be inhaled, smoked, 

snorted, or injected intravenously (Burns and Lerner 1976). The Na

tional Institute on Drug Abuse estimated that about 6 percent of juve

niles between 12 and 17 years of age and 14 percent of youths ranging 

from 18 to 25 years of age have used PGP (Micik 1980). Because of the 

widespread abuse of PCP, its manufacture became illegal as of April 1, 

1978. At the present time, the National Institute on Drug Abuse
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(Rockville9 Maryland) is the only legitimate supplier of PCP in the 

United States for investigational uses (Garey 1979)•

Pharmacology

Phencyclidine causes central nervous system stimulation and de

pression, which vary considerably according to species and dosages (Chen 

et al. 1959; Domino 1964). In mice and rats low doses of PCP cause 

hyperactivity whereas higher doses cause catalepsy and tremors (Chen et 

al. 1959; Kanner, Meltzer and Davis 1975a; Sturgeon, Fessler and Meltzer

1979)6 In pigeons, guinea pigs, hamsters, rabbits, cats, dogs and mon

keys, PCP produced a calming effect at low doses and catalepsy to gen

eral anesthesia at higher levels (Chen et al. 1959). Because of the 

variability in activity, PCP cannot be placed in a definite category

such as hallucinogen, depressant, or stimulant (Garey 1979). Since
*

respiration, blood pressure, body temperature, and other visceral func

tions were not markedly affected at anesthetic doses, it has been sug

gested that PCP may have effects primarily on some areas above the 

medullary and hypothalmic levels in the brain (Chen et al. 1959).

Neurochemical studies have demonstrated that PCP may interact 

with noradrenergic, serotonergic, cholinergic and dopaminergic neuro

transmitter systems. It decreased brain norepinephrine in the rat and 

mouse (Leonard and Tonge 1969; Tonge and Leonard 1972; Hitzemann, Loh 

and Domino 1973) and increased normetanephrine concentrations (Hitzemann 

et al. 1973). It is a potent, competitive inhibitor of norepinephrine 

uptake in synaptosomal preparations of rat brain (Smith et al. 1975;



Garey and Heath 1976; Smith et al. 1977; Ary and Komiskey 1980a). 

Concentrations of 5-hydroxytryptamine (serotonin) were increased, while 

5-hydroxyindole-acetic acid levels were decreased by PCP (Tonge and 

Leonard 1969; Tonge 1971). However, utilizing different strains of rats 

Tonge (1971) reported opposite results. It has also been shown that PCP 

competitively inhibited serotonin uptake in vitro (Smith et al. 1977).

PCP possesses mild peripheral, anticholinergic properties in the 

frog rectus abdominis, the smooth muscle of the guinea-pig ileum, and 

the iris of mice and guinea pigs (Maayani et al. 1974; Paster et al. 

1974; Kloog et al. 19.77) . It competes with acetylcholine for the mus

carinic receptor site (Maayani et al. 1974). The anticholinergic ac

tivity of PCP is related to the geometric and electronic similarities 

between PCP and acetylcholine molecules. The heterocyclic nitrogen and 

the aromatic ring in PCP structure mimic the trimethyl-ammonium group 

and the ester oxygen in the acetylcholine molecule. The cyclohexyl

moiety of PCP is an absolute requirement to keep the two sites at a
\

suitable orientation towards the acetylcholine receptor site (Maayani 

et al. 1974). Although PCP has anticholinergic effects, it is also a 

potent competitive inhibitor of butyrylcholinesterase and acetylcholin

esterase (Maayani et al. 1974; Kloog et al. 1977), Vincent et al.

(1978) analyzed the possible interactions of PCP with a number of neuro

transmitter receptors, including glycine, gamma-aminobutyric acid, 

glutamate, dopamine, serotonin, muscarinic cholinergic, beta-adrenergic, 

and opiate receptor sites, and found that PCP interacts with central 

muscarinic and opiate receptors.



PCP decreases the cerebral, concentrations of dopamine and 

increases the levels of 3~methoxytyramine (Hitzemann et al. 1973). It 

is a potent competitive inhibitor of synaptosomal uptake of dopamine 

(Smith et,al. 1975; Garey and Heath 1976; Smith et al. 1977; Ary and 

Komiskey 1980a) and a potent inhibitor of dopamine accumulation in pig 

caudate synaptic vesicles (Ary and Komiskey 1980b). Doherty et al. 

(1980) found that PCP is a weak dopamine releasing agent. Electro- 

physiological studies showed that PCP increases firing of dopaminergic 

neurons in the substantia nigra of rats (Raja and Guynet 1980).

The major metabolic pathway of PCP in animals is rapid oxida

tive hydroxylations (Ober et al. 1963; Wong and Biemann 1976). It is 

excreted in man primarily as the mono-4-hydroxy-piperidine conjugate 

and its metabolites have been reported to possess little pharmacologic 

activities (Domino 1964; Wong and Giemann 1976). Phencyclidine has a 

high lipid solubility and a strong affinity for adipose tissue, which 

may explain its prolonged duration - (James and Stuart 1976).

Stereotypy and Hyperactivity

In rats and mice, PCP has been shown to produce hyperactivity 

(Chen et al. 1959; Kanner et al. 1975a; Sturgeon et al. 1979) and ster

eotyped behaviors (Kanner et al. 1975a; Balster and Chait 1978; Martin 

et al. 1979; Murray and Horita 1979; Sturgeon et al. 1979). PCP- 

induced behavioral stereotypies have also been observed in guinea pigs 

(Johnson, Gordon and Ziegler 1978), dogs (Boren and Consroe 1980, mon

keys (Preston et al. 1976; Schlemmer et al. 1978) and humans (Burns and 

Lerner 1976).
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Behavioral studies have indicated that GABA-ergic, serotonergic9 

cholinergic and dopaminergic neurotransmitter systems may be involved 

in the mediation of PCP-induced stereotypy and hyperactivity. It was 

found that gamma-amminobutyric acid receptor agonists baclofen, muscimol, 

4,5,6,7,-tetra-hydroisoxazole (s,4-c) pyridin-3-ol hydrate and the GABA- 

.elevating drugs such as aminooxyacetic acid and gamma-acetylinic GABA 

inhibited PCP-induced hyperactivity (Menon, Clark and Vivouia 1980), 

but stereotypy was increased by muscimol (Murray and Horita 1979). An 

apparently serotonergically-mediated behavioral syndrome, consisting of 

resting tremor, rigidity, reciprocal forepaw treading, head weaving and 

hindlimb abduction (Jacobs 1976), was produced by a large dose of PGP 

and antagonized by serotonin blockers such as cinanserin and cyprohep

tadine (Martin et al. 1979).

Phencyclidine caused ipsilateral rotation in rats with unilat

eral electrolytic or 6-hydroxydopamine-induced lesions of the substantia 

nigra, indicating that PGP has a presynaptic effect on dopamine neurons. 

The turning is blocked by alpha-methylparatyrosine, a tyrosine hydroxy

lase inhibitor, and the dopamine receptor blockers, haloperidol and 

pimozide (Kanner, Finnegan and Meltzer, 1975b; Finnegan, Kanner and 

Meltzer 1976; Fessler, Sturgeon and Meltzer 1979). Balster and Chait 

(1978) observed that PGP enhanced the behavioral stereotypy produced by 

amphetamine in rats, suggesting that PGP may have dopaminergic activity 

similar to amphetamine. PCP-induced stereotypy is reduced by dopamine 

antagonists in monkeys (Preston et al. 1976; Schlemmer et al, 1978) and 

rats (Martin et al. 1979; Murray and Horita 1979). In humans PGP



produces a behavioral state which resembles many of the primary symptoms 

of schizophrenia (Luby et al. 1959). Moreover it is believed that 

schizophrenia is related to central dopaminergic activity (Snyder et al. 

1974). The hyperactivity induced by PCP is potentiated by iproniazid, 

a MAO inhibitor (Chen et al. 1959; Chen, Ensor and Bohner 1965), but is 

inhibited by haloperidol (Kanner et al. 1975a).

Although PCP-induced ipsilateral rotation was antagonized by 

alpha-methylparatyrosine and dopamine antagonists, it is also blocked 

by arecoline, a cholinergic drug, and was potentiated by trihexyphenidyl, 

an anticholinergic agent (Kanner et al. 1975b; Finnegan et al. 1976). 

Murray and Horita (1979) found that physostigmine, an anticholinesterase 

agent, blocked PCP-induced stereotypy. The hyperactivity is potentiated 

by atropine, an antimuscarinic drug (Adams 1980), but is inhibited by 

cholinomimetic and anticholinesterase agents (Kloog et al. 1977; Adams

1980) .

Objective

Although PCP has been shown to produce hyperactivity and stereo

typed behaviors in rats, there is lack of parametric data based on 

examination of a broad spectrum of PCP-induced behavioral effects over 

relatively long intervals, following injection of a wide range of PCP 

doses in rats. Most researchers have concentrated on a small number of 

measures (e.g., Murray and Horita 1979), employed relatively short test

ing intervals (e.g., Garey et al. 1980) or investigated few doses of 

PCP (e.g., Martin et al. 1979). In the present investigation, the



effects of PCP on photocell activity and a number of stereotyped 

behaviors as a function of doses ranging from 5 to 100 mg/kg will be 

examined for four hours after PCP injection. In addition, since dopa

minergic mechanisms have been strongly implicated in the behavioral ef

fects of PCP, as noted above, the effects of haloperidol alone and in 

combination with PCP will be examined. Finally, since Propranolol is 

reportedly effective in alleviating toxic effects of PCP in humans 

(Rappolt, Gay and Farris 1979), the effects of Propranol alone and in 

combination with PCP will also be investigated.



CHAPTER 2

METHODOLOGY

Dmgs
Phencyclidine HC1 and Propranolol HC1 (Inderal; Ayerst) were 

dissolved in distilled water0 Haloperidol (Haldol; McNeil) was dis

solved in 1 ml of distilled water containing 23 mg of citric acid and 

diluted to the appropriate volume with distilled water„ All drugs were 

injected i.p- at a volume of 1 ml per kg of body weight.

Animals

Adult female albino rats, weighing 125-298 g, were used in all 

experiments. Subjects were obtained from the University of Arizona 

College of Pharmacy breeding facility and were group-reared in commer

cial cages under a 24 hour photoperiodicity of 12 hours of incandescent 

light and 12 hours of darkness. Food and water were always available 

during housing. Twelve rats per group were used in the dose response 

studies and 6 rats per group were used in the drug antagonism studies.

Apparatus

Behavioral testing was conducted in six Omnitech Digiscan Opti

cal Animal Activity Monitors (Columbus, Ohio) located in an isolated 

testing room. Each activity monitor consists of a clear plexiglass 

cage (39 cm wide x 30 cm long x 30 cm deep) positioned in the center of 

the apparatus with a single row of eight photocells located along a
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wall of the apparatus from the front to the rear of the cage. The 

output from the activity monitors was automatically recorded by two 

Omnitech Datalogger printing counters located outside the testing room. 

White noise, at an intensity of approximately 90 dB was provided by a 

white noise generator located outside the testing room. The sound was 

delivered through two speakers in the ceiling of the testing room po

sitioned directly over the activity monitors. Illumination was provid

ed by a single 75-watt incandescent light bulb in the ceiling directly 

above the activity monitors. A 79 cm x 76 cm cardboard sheet was sus

pended between the light bulb and the activity monitors in order to 

equalize illumination in all activity monitors. A one-way mirror, 

located on the door of the testing room permitted remote observation 

of the rats.

Procedure

In all experiments, the behavior of each rat was observed for 

18 consecutive 15-minute intervals. In addition to photocell activity, 

the presence or absence of the following behaviors were determined by 

two-minute time-sampled observations on each subject during each 15 

minute interval: Straub tail (tail held stiff and straight), hind

limb abduction (splaying out of the hindlimb), forepaw treading (rapid 

dorso-ventral movement of the forepaws), lateral head weaving, tremors, 

circling, and backward walking. Each subject's behavioral score for 

an interval consisted of the total number of behaviors observed during 

that interval.
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In all experiments the behavior of rats was recorded in the 

activity monitor during the first two intervals before drug treatment. 

Immediately following this baseline period, subjects in the dose re

sponse study were given a single injection of 5, 10, 25, 50 or 100 

mg/kg of PGP or distilled water. In the drug interaction studies, sub

jects were given either PGP CIO or 25 mg/kg) or distilled water (con

trol) immediately after baseline and.30 minutes later were given a 

second injection, consisting of haloperidol, propranolol, or appropriate 

vehicle. Haloperidol was administered in a dose of 0,1 or 0.5 mg/kg 

and propranolol was administered in a dose of 10 or 25 mg/kg.

Injection and testing of subjects in all experiments were con

ducted by an experimenter who was unaware of the specific treatment 

any individual animal received. Within each experiment, equal numbers 

of subjects in each group were tested in each activity monitor in a 

counterbalanced order & Cages were wiped with a mild acetic acid solu

tion before each use.

For purposes of statistical anaylsis, the data were blocked 

into 30 minute intervals. Two-factor (treatment x blocks) mixed analy

sis of variance were conducted for activity and behavioral scores in 

each experiment. Post-hoc comparisons between overall group means 

were made with the Newman-Keuls method (p <,05, all comparisons). 

Analyses of group differences for each block were carried out using 

single factor, between-groups analyses of variance followed by Newman- 

Keuls post-hoc tests.



CHAPTER 3

RESULTS

Dose Response Experiment 

The means and standard deviations of photocell activity counts 

after different doses of PGP are shown in Table 1. Statistical analysis 

of these data, shown in Table 2, revealed significant effects of PCP dose, 

blocks, and a significant dose by blocks interaction. Decomposition of 

the overall dose effects using Newman-Keuls method indicated that sub

jects receiving 5, 10, 25, or 50 mg/kg of PCP were significantly more 

active than controls. In addition, although the 5, 25, 50, and 100 mg/kg 

doses did not differ from one another, subjects who received 10 mg/kg of 

PCP were more active than those in any other group. In order to examine 

the time course of dose effects, single factor, between groups analyses 

of variance were conducted for each block (also shown in Table 2).

Although no group differences were present during baseline, highly sig

nificant differences were found for all blocks after PCP injection. 

Newman-Keuls comparisons between doses for each block (Table 3) reveal 

a dose-related increase in latency to onset of hyperactivity after PCP 

administration. That is, although subjects in the 5 or 10 mg/kg groups 

evidenced hyperactivity during the first block after PCP injection, hy

peractivity in the 25, 50, and 100 mg/kg groups did not appear until 

blocks 4, 5, and 7, respectively.

12



Table 1. Means and Standard Deviations of Photocell Activity Counts after Different Doses of 
Phencyclidine (PCP)

Observation PCP Dose, nig/kĝ
Intervals 
(Blocks)3 0 5 10 25 50 100

Baseline 547.25
(245.33)°

686.25
(225.88)

496.83
(438.29)

581.92
(305.15)

: 559.08 
(236.22)

758.00
(415.80)

2 326.33
(191.89)

2915.33
(1358.36)

2169.33
(628.80)

315.25
(258.54)

619.33
(823.50)

695.42
(686.11)

3 202.25
(96.04)

2938.58
(1793.58)

3008.08
(1887.62)

759.00
(828.69)

567.58
(587.94)

276.58
(478.85)

4 216.50
(178.72)

2304.00
(1672.62)

3407.50
(1609.07)

1600.08
(1051.02)

1083.42
(1021.15)

397.58
(494.23)

5 77.00
(112.46)

1711.92
(1575.42)

3409.50
(1889.25)

2236.42
(1367.67)

1442.92
(999.62)

722.33
(724.07)

6 117.08
(108.17)

1557.25
(1477.89)

3156.83
(1940.84)

2166.83
(854.50)

1833.92
(1169.06)

741.50
(800.82)

7 158.27
(156.27)

1278.08
(1398.85)

2592.42
(1815.31)

2163.58
(603.62)

2019.33
(1384.24)

1196.58
(1088.39)

8 76.75
(75.52)

895.00
(893.61)

2302.92
(1600.65)

2199.42
(531.63)

1942.17
(1271.74)

1344.42
(1040.54)

Hw



Table 1.— Continued

Observation PCP Dose, mg/kg^
Intervals  ---------------------------------- ---------- -----------------------------;—
(Blocks)a 0 5 10 25 50 100

9 61.58 710.58 1807.33 2113.50 1783.58 1328.83
(86.92) (776.53) (1297.53) (1134.34) (1133.51) (897.44)

^Behavior was observed for nine consecutive 30-min. intervals. PCP or its vehicle was injected 
immediately after baseline.

kpCP doses are expressed as mg of free drug base per kg of body weight.

^Standard deviations are given in parentheses.
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Table 2. Summary of Statistical Analyses of Photocell Activity in 
the Dose-Response Experiment

Degrees of 
Freedom F Value

Probability
Level

Treatments by Blocks 
Analysis of Variance

Source of Variance:

Dose 5,66 11.86 < .001

Blocks , 8,528 13.37 < .001

Dose by Blocks 
Interaction 40,528 10.02 < .001

Single Factor Analyses 
of Variance for Each 
Block

Block:

Baseline 5,66 1.10 > .25

2 5,66 24.80 < .001

3 5,66 15.53 < .001

4 5,66 13.52 < .001

5 5,66 10.37 < .001

6 5,66 9.50 < .001

7 5,66 6.29 < .001

8 5,66 8.47 < .001

9 5 ,.66 7.71 < .001
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Table 3. Photocell Activity Summary of Newman-Keuls Comparisons between 
Different Doses of Phencyclidine for Each Block3,

5 mg/kg 10 mg/kg 25 mg/kg 50 mg/kg 100 mg/kg

Baseline - - - - -
2 * * - - -
3 * *  -
4 * * %  —  —

0 mg/kg 5 * * * * -
6 * * # * —

7 * * * *
8 - * * * *
9 - * * * *

Baseline - - - -
2 * * * *
3 - * * *
4 * —  * *

5 mg/kg 5 * - - -
6 *  —  —  —

7 *
8 *  *  *
9 * * * -

Baseline - ' - -
2 * * *
3 * * *
4 * * *

10 mg/kg 5 * *
5 * * *
7 - - *
8 —  —  —

Baseline -
2
3
4 -  *

25 mg/kg 5 - *
6 — *
7 - -
8 —  —

9 - -
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Table 3.— Continued

5 mg/kg 10 mg/kg 25 mg/kg 50 mg/kg 100 mg/kg

Baseline
2 -

3 —

4 -

50 mg/kg 5 -

6 - .

7 '
8 -

9

^Asterisks denote significant difference, p < 0.05.

/
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The means and standard deviations of the behavioral scores af

ter different doses of PCP are shown in Table 4. Since no rats in base

line or those given water showed any of the behaviors produced by PCP 

these results were omitted from analysis and are not shown in Table 4,

In a similar fashion to the activity scores, significant effects of dose, 

blocks and a significant dose by blocks interaction were obtained, as 

shown in Table 5. Newman-Keuls comparisons indicate that rats receiving 

10, 25, 50 or 100 mg/kg of PCP exhibited significantly larger behavioral 

scores than those in the 5 mg/kg group» In addition, rats that received 

50 mg/kg of PCP showed larger behavioral scores than those in the 10 or 

100 mg/kg groups. No other overall group differences were significant„ 

The differences between various doses for each block are shown in Table 6.

Phencyclidine-Haloperidol, 0*1 mg/kg. Experiment

The means and standard deviations of photocell activity counts 

for the various combinations of PCP and 0.1 mg/kg of haloperidol are 

shown in Table 7. As depicted in Table 8, significant effects of treat

ment, blocks, and a significant treatments by blocks interaction were 

obtained. Newman-Keuls comparisons reveal that rats that received water 

and haloperidol had identical activity scores to rats that received two 

vehicle injections. However, rats in all other groups exhibited signi

ficant hyperactivity relative to controls. In addition, no differences 

were obtained between subjects who received 10 or 25 mg/kg of PCP 

followed by vehicle and those that received either dose of PCP followed



Table 4. Means and Standard Deviations of Behavioral Scores after Different Doses of 
Phencyclidine (PCP)

Observations PCP Dose, mg/kg^
intervals
(Blocks)3 5 10 25 50 100

2 2.17 3.58 2.83 3.33 3.33
(1.90)c (1.56) (1.27) (1.87) (1.44)

3 2.83 4.58 3.00 . 3.92 2.17
(2.04) (1.38) (2.13) (1.31) (1.47)

4 2.50 4.08 4.50 4.08 2.92
(2.20) (1.51) (2.28) (1.98) (1.78)

5 0.75 ' 3.42 4.58 4.08 2.50
(0.75) (1.83) (1.62) (1,68) (1.78)

6 0.67 2.50 3.91 4.33 2.25
(0.88) (1.57) (1.78) (2.06) (2.42)

7 0.67 1.92 4.17 4.00 3.17
(1.07) (1.62) (2,52) (2.13) (2.17)

8 0.33 1.00 3.42 4.50 3.08
(0.49) (1.13) (1.62) (2.07) (2.31)

9 0.17 0.42 3.25 5.08 3.25
(0.38) (1.00) (2.09) (2.61) (1.71)

aBehavior was observed for nine consecutive 30-min. intervals. PCP was injected immediately after 
baseline.
kpCP doses are expressed as mg of free base per kg of body weight. 
^Standard Deviations are given in parentheses.
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Table 5» Summary of Statistical Analyses of Behavioral Scores in 

the Dose-Response Experiment

Degrees of 
Freedom F Value

Probability
Level

Treatments by Blocks 
Analysis of Variance

Source of Variance:

Dose 4,55 12.32 < .001

Blocks 7,385 4.60 < .001

Dose by Blocks
Interaction 28,385 4.75 < .001

Single Factor Analyses 
of Variance for Each
Block -

Block:

2 4,55 1.44 > .10

3 4,55 3.75 < .01

4 4,55 2.29 < . 05

5 4,55 10.93 < .001

6 4,55 7.75 < .001

7 4,55 6.80 < .001

8 4,55 13.20 < .001

9 4,55 17.25 < .001
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Table 6. Summary of Newman-Keuls Comparisons between Behavioral Scores 

after Different Doses of Phencyclidine for Each Block3

10 mg/kg 25 mg/kg 50 mg/kg 100 mg/kg

2
3
4

5 mg/kg 5 * * * *
6 * * * *
7 — * * *
8 . — * * *
9 - * * *

2
3

- -
*

4 — - —  -

10 mg/kg 5 - - -
6 — * —

7 - * —

8 * * *
9 * * *

2 — _  ■
3 - -
4 — -

25 mg/kg 5 - *
6 - -
7 - -

8 - -

9 * -

2 —

3 -
4 -

50 mg/kg 5 *
6 *
7 -

8 -

9 *

aAsterisks denote significant difference, p < 0.05.



Table 7. Means and Standard Deviations of Photocell Activity Counts 
Haloperidol (HPD), 0.1 mg/kg. Experiment

in Phencyclidine (PCP)-

Obser
vation
Intervals
(Blocks)3

Treatment^

PCP(IO)- PCP(IO)- PCP(25)- PGP(25)- 
HPD Vehicle HPD Vehicle

Vehicle-
HPD

Vehicle-
Vehicle

Baseline 740.67 560.33 942.83 802.50 603.17 725.00
(211.67)c (198.37) (508.93) (319.50) (295.70) (295.23)

2 2858.50 1705.33 695.50 984.67 495.67 403.50
(957.81) (738.35) (498.36) (669.85) (250.69) (211.90)

3 2520.33 2300.83 503.50 1257.00 310.33 349.00
(1194.31) (555.43) (468.64) (1094.83) (181.96) (218.72)

4 2774.00 2972.50 1119.00 1912.00 223.17 242.67
(1531.65) (554.22) (875.31) (1458.55) (125.82) (165.59)

5 2071.17 2779.00 1556.83 2162.33 170.83 243.17
(1083.63) (588.33) (869.12) (1440.03) (113.88) (203.38)

6 1762.83 2369.83 1285.17 2072.17 40.33 143.67
(924.70) (1288.17) (460.12) (1760.09) (72.90) (109.21)

7 1405.50 2218.33 1364.83 1992.17 53.33 74.33
(764.34) (1316.44) (441.97) (1245.48) (72.86) (53.63)

hoto



Table 7 „ — Continued

Obser- Treatment
vation
Intervals
(Blocks)3

PCP(IO)-
HPD

PCP(IO)-
Vehlcle

PGP(25)- 
HPD

PGP(25)- 
Vehicle

Vehicle-
HPD

Vehicle-
Vehicle

8 1356.17 2503.00 1678.17 1861.50 139.83 129.17
(629.59) (989.92) (678.60) (912.31) (172.64) (185.15)

9 1207.33 2741.00 1563.00 1882.00 78.67 265.67
(744.64) (1052.85) (401.47) (920.49) (113.09) (214.02)

aPCP or its vehicle was injected immediately after 30-min, baseline. Haloperidol or its vehicle 
was administered 30 min. later.

kpCP doses are given in parentheses and are expressed as mg of free base per kg of body weight.

^Standard deviations are given in parentheses.

K>OJ
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Table 8, Summary of Statistical Analyses of Photocell Activity in the 
Phencyclidine-Haloperidol9 0.1 mg/kg* Experiment

Degrees of 
Freedom F Value

Probability
Level

Treatments by Blocks 
Analysis of Variance

Source of Variance:

Treatments

Blocks

Treatments by Blocks 
Interaction

5,30

8,240

40,240

12.55

6.85

5.39

< .001 
< .001

< .001

Single Factor Analyses 
of Variance for Each 
Block

Block:

Baseline 5,30 1.11 > .25

2 5,30 14.09 < .001

3 5,30 11.04 < .001

4 5,30 9.41 < .001

5 5,30 9.40 < .001

6 5,30 6.01 < .001

7 5,30 7.63 < .001

8 5,30 12.18 < .001

9 5,30 13.33 < .001



by haloperidol. Although significant group differences were obtained in 

all intervals after PCP injection, as shown in Table 9, these effects 

were largely due to the significant hyperactivity, relative to controls, 

shown by all groups except the water-haloperidol group. A partial 

blockade of PCP-induced hyperactivity was obtained in the last two blocks, 

since rats that received 10 mg/kg of PCP followed by haloperidol were 

less active than those that received PCP followed by vehicle, but were 

more active than control rats.

In addition to the failure to block the effects of PCP on activity 

0.1 mg/kg of haloperidol was ineffective in blocking the behavioral 

scores produced by PCP, as shown in Tables 10 and 11. Although a signi

ficant overall difference between subjects who received 10 mg/kg of PCP 

followed by vehicle and those who received 10 mg/kg of PCP plus haloperi

dol was obtained, subsequent analyses indicated that this effect was 

only significant during block 7. No other differences bwtween PCP plus 

vehicle versus PCP plus haloperidol were significant.

Phencyclidine-Haloperidol, 0.5 mg/kg. Experiment

Table 12 shows the means and standard deviations of activity 

counts for the various combinations of PCP and 0.5 mg/kg of haloperidol.

As shown in Table 13, significant effects of treatment, blocks, and a 

significant treatments by blocks interaction were obtained. In contrast 

to the effects obtained with 0.1 mg/kg of haloperidol, a significant 

blockade of the hyperactivity produced by PCP was obtained with 0.5 mg/kg 

of haloperidol. Newman-Keuls comparisons reveal that, although
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Table 9. Newman-Keuls

Phencyclidine
Comparisons on Photocell Activity in the 
(PCP)-Haloperidol (HPD), 0.1 mg/kg. Experiment

Vehicle-Vehicle vs
PCP(10)a- PCP(IO) PCP(25)- PCP(25)- Vehicle-xntervaj. Vehicle HPD Vehicle HPD HPD

Baseline — - —  — -

2 *b *
3 * * •—  — —

4 * * * —

5 * * * * —

6 * * * —

7 * * * a
8 * * a a —

9 * * a a —

PCP(10)-Vehicle PCP(25)-Vehicle PCP(10)-Vehicle
vs vs vs

PCP(10)-HPD PCP(25)-HPD PCP(25)-Vehicle

Baseline _ _

2 a — -

3 - - a
4
5
(L0
7
8 a

- -

9 a — a

aPCP doses are given in parentheses and are expressed as mg of drug base
per kg of body weight,

^Asterisks denote significant difference, p < 0.05.



Table 10, Means and Standard Deviations of Behavioral Scores in Phencyclidine (PCP)-Haloperidol 
(HPD)5 0.1 mg/kg^ Experiment

Observation Treatment^
interv/ars
(Blocks)3 PCP(10)-HPD PGP(10)-Vehicle PGP(25)-HPD PGP(25)-Vehicle

2 3.17 3.67 2.00 2.17
(1.17)c (1.37) (1.26) (1.72)

3 4.00 4.50 2.17 2.17
(1.10) (1.22) (2.04) (1.33)

4 3.83 4.33 2.67 2.17
(1.47) (1.21) (1.21) (1.47)

5 2.83 4.50 3.50 3.50
(2.14) (1.05) (1.05) (1.05)

6 1.67 3.33 2.17 2.83
■ (1.21) (1.21) (1.33) (2.56)

7 0.83 3.17 2.00 2.33
(1.17) (0.75) (1.41) (1.63)

8 1.17 2.67 2.83 2.67
(1.17) (1.51) (0.98) (0.82)

9 0.83 2.67 2.00 2.83
(0.75) (1.75) (1.41) (0.98)

aPCP was injected immediately after 30-min. baseline. Haloperidol or its vehicle was administered
30 min. later.

bpCP doses are given in parentheses and are expressed as mg of free base per kg of body weight. 
^Standard deviations are given in parentheses. ^
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Table 11. Summary of Statistical Analyses of Behavioral Scores in the 

Phencyclidine (PCP)-Haloperidol (HPD), 0.1 mg/kg. Experiment

Degrees of Probability
Freedom F Value Level

Treatments by Blocks 
Analysis of Variance

Source of Variance:

Treatments 3,20 3.62 < .05

Blocks 7,140 5.16 < .001

Treatments by Blocks
Interaction 21,140 2.07 < .01

Single Factor Analyses 
of Variance for Each
Block

Block:

2 3,20 1.97 > .10

3 3,20 4.14 < .025

4 3,20 ■ 3.33 < .05

5 3,20 1.44 > .25

6 3,20 1.14 > .25

7 3,20 3.40 < .05

8 3,20 2.75 > .05

9 3,20 3.00 > .05



Table 12. Means and Standard Deviations.of Photocell Activity Counts in the Phenocyc1idine (PCP) - 
Haloperidol (HPD), 0.5 mg/kg, Experiment

Obser
vation 
Intervals 
(Blocks)a

Treatment^

PCP(10)- 
HPD

PCP(10)- 
Vehicle

PCP(25)- PCP(25)- 
HPD Vehicle

Vehicle-
HPD

Vehicle-
Vehicle

Baseline 507.33 554.67 531.33 500.83 610.33 621.50
(310.75)C (131.73) (309.71) (207.17) (308.01) (293.58)

2 1845.67 2124.83 1317.00 565.50 331.33 340.17
(1164.68) (1291.15) (869.25) (289.67) (208.43) (218.21)

3 439.00 1982.33 . 621.50 1028.17 282.67 325.50
(438.38) (1110.74) (630.01) (344.02) (168.52) (257.78)

4 347.00 2887.50 225.33 1578.00 30.33 430.33
(542.41) (690.56) (331.33) (777.60) (56.93) (332.88)

5 554.67 2863.17 423.17 1827.67 36.00 263.00
(552.31) (1002.55) (557.55) (887.96) (45.47) (262.52)

6 479.33 2959.00 509.67 1828.00 29.00 150.83
(366.43) (1427.62) (489.60) (744.87) (45.73) (161.62)

7 435.00 2413.83 547.67 1705.17 10.83 78.17
(287.92) (1251.83) (556.17) (614.23) (18.19) (161.95)

M
vo



Table 12.— Continued

1̂
Obser- Treatment
vation — ---;------------------— ------ —----  —------------ -----
Intervals PCP(IO)- PCP(IO)- PCP(25)- PCP(25)~ Vehicle- Vehicle-
(Blocks)3 HPD Vehicle HPD Vehicle HPD Vehicle

8 297.17 2465.17 562.83 1621.83 23.17 55.67
(183.81) - (1457.24) (517.40) (464.28) (27.07) (115.91)

9 237.00 2336.50 651.00 1723.50 48.50 215.67
(180.85) (1061.55) (648.51) (431.43) ' (60.68) (223.61)

aPCP or its vehicle was injected immediately after 30-min. baseline. Haloperidol or its vehicles 
_was administered 30 min. later.
PCP doses are given in parentheses and are expressed as mg of free base per kg of body weight. 
Standard deviations are given in parentheses.
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Table 13, Summary of Statistical Analyses of Photocell Activity in 

the Phencyclidine (PCP)-Haloperidol (HPD)s 0.5 mg/kg* 
Experiment

Degrees of 
Freedom F Value

Probability
Level

Treatments by Blocks 
Analysis of Variance

Source of Variance:

Treatments 5,30 24.15 < .001

Blocks 8,240 3.55 < .001

Treatments by Blocks 
Interaction

40,240 5.43 < .001

Single Factor Analyses 
of Variance for Each 
Block

Block:

Baseline 5,30 < 1 -

2 5,30 5.66 < .001

3 5,30 7.44 < .001

4 5,30 27.67 < .001

5 5,30 17.88 < .001

6 5,30 16.10 < .001

7 5,30 14.44 < .001

8 5,30 13.31 < .001

9 5,30 17.53 < .001



haloperidol alone did not alter activity, rats that received either 

dose of PCP followed by haloperidol were significantly less active 

than those that received corresponding doses of PCP plus vehicle, but 

were not different than controls in overall activity. Analysis of 

these group differences for each block are shown in Tables 13 and 14, 

which reveal that haloperidol completely blocked the hyperactivity 

resulting from either dose of PCP during all intervals after halo

peridol administration.

Table 15 shows the means and standard deviations of the 

behavioral scores obtained after- the various combinations of PCP and 

0.5 mg/kg of haloperidol. Again, significant effects of treatment 

and a treatment by blocks interaction were obtained, but the effect 

of blocks was not significant. In a similar manner to the activity 

data, Newman-Keuls comparisons indicated that rats receiving either 

dose of PCP followed by haloperidol exhibited significantly smaller 

overall behavioral scores than those that received PCP followed by 

vehicle. However, subsequent analyses, shown in Tables 16 and 17, 

revealed that the haloperidol attenuation of behavioral scores was 

not as durable as its effect on activity, since significant differen

ces between 10 or 25 mg/kg of PCP plus haloperidol and 10 or 25 mg/kg 

of PCP plus vehicle were only obtained during blocks 3, 4, 5 and 7 

and 4, 5 and 7, respectively.
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Phencyclidine-Propranolol Experiment 

The means and standard deviations of activity counts for 

the various combinations of PCP and propranolol are depicted in Table 

18o As shown in Table 19, analysis of variance yielded significant 

effects of treatment, blocks, and a significant treatment by blocks 

interaction. Newman-Keuls comparisons of overall activity indicated 

that neither dose of propranolol (10 or 25 mg/kg) had any effect on 

activity, relative to controls that received two water injections. 

However, both doses of propranolol significantly reduced the hyper

activity produced by 25 mg/kg of PCP, yielding activity scores that 

were virtually identical to controls. Propranolol treatment only 

partially blocked hyperactivity produced by 10 mg/kg of PCP. Subjects 

receiving either dose of propranolol in combination with 10 mg/kg PCP 

were significantly less active than those receiving 10 mg/kg of PCP 

plus vehicle, but more active than controls. Analyses of group differ

ences for each interval are shown in Tables 19, 20, and 21. Rats 

that received 10 mg/kg of PCP followed by 10 mg/kg of propranolol 

were significantly more active than controls during all intervals. 

However this dose of propranolol reduced the hyperactivity resulting 

from 10 mg/kg of PCP during blocks 3, 4, and 9, as shown in Table 21.

A more potent reduction of the hyperactivity produced by 10 mg/kg of 

PCP was obtained with 25 mg/kg of propranolol, which completely 

blocked the PCP-induced hyperactivity during the first 90 minutes 

after propranolol administration. As shown in Table 20, 25 mg/kg of 

PCP produced hyperactivity during intervals 6 through 9 and 10 and
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25 mg/kg of propranolol completely blocked this effect in 3 out of 

4 and 4 out of 4 intervals9 respectively.

Table 22 shows the means and standard deviations of the 

behavioral scores obtained after the various combinations of PCP and 

propranolol. Significant effects of" treatment, blocks, and a signi

ficant treatment by blocks interaction were obtained. Comparisons 

between overall group means using the Newman-Keuls method indicates 

that although both doses of propranolol significantly reduced the 

overall behavioral score resulting from 25 mg/kg of PCP, only the 

larger dose of propranolol was effective in reducing the overall 

behavioral scores produced by 10 mg/kg of PCP. Analyses of group 

differences for each block, shown in Tables 23 and 24, indicated that 

25 mg/kg of propranolol reduced the behavioral scores for rats given 

10 or 25 mg/kg of PCP during 2 and 3 intervals, respectively. 

Propranolol in a dose of 10 mg/kg failed at all intervals to reduce 

behavioral scores of both doses of PCP.
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Table 14. Newman-Keuls Comparisons on Photocell Activity in the
Phencyclidine (PCP)-Haloperidol(HPD), 0.5 mg/kg.
Experiment .......

Vehicle-Vehicle
vs

Interval PCP(10)-a PCP(IO)- PCP(25)- PCP(25)- Vehicle
Vehicle HPD Vehicle HPD HPD

Baseline _

2 *b * — - -

3 * — — — -

4 * - * - -

5 * — * - -

6 * - * - -
7 * - * - -
8 * — * — —

9 * - * - -

PCP(10)-Vehicle PCP(25)-Vehicle PCP(10)-Vehicle
vs vs vs

PCP(10)-HPD PCP(25)-HPD PCP(25)-Vehicle

Baseline
2 — - -
3 - - *
4 * ■ * *
5 * * *
6 * * *
7 * * -

8 * * *
9 * *

aPCP doses are given in parentheses and are expressed as mg or free
base per kg of body weight.
Asterisks denote significant difference, p < 0.05.



Table 15. Means and Standard Deviations of Behavioral Scores in the Phencyclidine(PCP)-Haloperidol
(HPD), 0.5 mg/kgs Experiment

Observation Treatment^
incervaxs 
(Blocks)a PCP(10)-HPD PCP(10)-Vehicle PCP(25)-HPD PCP(25)-Vehicle

2 4.00 3.17 3.00 1.17
(1.55)C (1.72) (1.67) (0.75)

3 1.50 5.00 1.33 3.17
(1.87) (2.28) (1.37) (0.75)

4 1.33 3.50 1.33 4.17
(1.75) (2.17) (1.51) (1.33)

5 1.67 5.00 1.33 4.67
(1.21) (1.90) (0.82) (0.82)

6 1.33 4.17 2.33 3.83
(1.37) (2.71) (1.63) (1.72)

7 1.33 4.33 1.50 4.00
(1.21) (2.25) (1.52) (2.10)

8 1.33 4.00 1.33 4.00
(1.75) (2.90) (1.97) (1.79)

9 1.50 4.00 1.83 3.83
(2.26) (2.61) (1.47) (0.75)

aPCP was injected immediately after 30-min. baseline. Haloperidol or its vehicle was administered 
^30 min. later.
PCP doses are given in parentheses and are expressed as mg of free base per kg of body weight. 
^Standard Deviations are given in parentheses.
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Table 16. Summary of Statistical Analyses of Behavioral Scores in
the Phencyclidine(PCP)-Haloperidol(HPD), 0.5 mg/kg.
Experiment

Degrees of 
:Freedom F Value

Probability
Level

Treatment by Blocks
Analysis of Variance

Source of Variance:

Treatments oCM 9.22 < .001

Blocks 7,140 < 1 -

Treatments by Blocks
Interaction 21,140 2.17 < .005

Single Factor Analyses 
of Variance for Each 
Block

Block:

2 3,20 3.92 < .05

3 3,20 6.33 < .01

4 3,20 . 4.39 < .025

5 3,20 14.03 < .001

6 3,20 2.83 > .05

7 3,20 4.61 < .025

8 . 3,20 3.07 > .05

9 3,20 2.81 > .05
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Table 17. Newman-Keuls Comparisons on Behavioral Scores in the
Phencyclidine(PCP)-Halperidol(HPD)* 0.5 mg/kg. Experiment

Observation
-i

PCP(10) -Vehicle PCP(25)-Vehicle
Intervals versus versus
(Blocks)a , PCP(10)-HPD PCP(25)-Vehicle PCP(25)-HPD

2 —  —  *

4 * - *

5 * - *

6 —  —  —

7 * - *

8 —  —  —

9 -  -  —

aPCP was injected immediately prior to interval 2 and haloperidol or 
vehicle was injected immediately prior to interval 3. Each interval 
^was 0.5 hr. in duration.
PCP doses are in parentheses and are expressed as mg of free base 
per kg of body weight.
^Asterisks denote significant difference, p < 0.05.



Table 18. Means and Standard Deviations of Photocell Activity in the Phencyclidine(PCP)-
Propranolol(Prop) Experiment

Obser- Treatment^
vation
Intervals
(Blocks)3

PCP(10)- 
Prop(25)

PCP(10)-
Prop(10)

PCP(10)-
Vehicle

PCP(25)-
Prop(25)

PCP(25)- 
Prop(10)

PCP(25)- 
Vehicle

Vehicle-
Prop(10)

Vehicle-
Prop(25)

Vehicle-
Vehicle

Baseline 684.67
(258.18)c

675.83
(311.79)

900.17
(368.41)

703.67
(375.41)

790.90
(309.04)

771.83
(302.71)

643.17
(225.00)

823.83
(219.02)

577.33
(212.10)

2 1744.50
(965.37)

1409.67
(732.78)

2141.00
(870.47)

463.83
(354.14)

221.00
(142.93)

357.33
(318.88)

304.00
(175.95)

565.67
(222.16)

274.00
(163.13)

3 30.50
(24.25)

1198.83
(379.01)

2272.33
(823.17)

55.67
(57.22)

116.83
(136.18)

396.00
(427.27)

344.67
(121.08)

319.17
(226.05)

359.00
(162.01)

4 130.67
(120.39)

1797.17
(659.44)

2817.83
(895.49)

0.50
(1.22)

364.67
(345.59)

682.17
(776.19)

122.83
(138.28)

168.17
(173.65)

288.83
(155.54)

5 599.17
(758.50

2350.83
(896.34)

2861^67
(926.21)

25.67
(38.36)

3479.17
(300.30)

913.33
(407.87)

110.00
(104.11)

265.17
(165.13)

165.00
(247.78)

6 1292.67
(897.14)

2220.33
(450.02)

2739.83
(871.71)

91.50
(99.09)

394.83
(491.04)

1036.17
(491.49)

78.00
(65.07)

218.17
(232.16)

125.83
(80.31)

7 , 1858.00 
(640.06)

2123.67
(436.12)

2619.83
(1143.64)

243.00
(199.33)

661.17
(606.24)

1259.67
(513.15)

48.83
(71.73)

91.33
(67.54)

71.83
(80.58)

8 2040.33
(578.58)

1981.17
(435.28)

2650.00
(1118.13)

396.00
(288.31)

706.13
(519.92)

1477.00
(848.07)

80.00
(123.08)

98.67
(135.47)

77.17
(99.42)

9 2238.50
(547.82)

1747.17
(443.20)

2722.83
(1169.57)

588.00
(350.41)

824.83
(473.46)

1761.33
(680.62)

126.67
(130.96)

82.83
(97.88)

93.83
(90.97)

PCP or its vehicle was injected immediately after 30-min. baseline. Propranolol or its vehicle was administered 
^30 min. later.
PCP and Prop doses are given in parentheses and are expressed as mg of free base per kg of body weight.

^Standard deviations are given in parentheses.
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Table 19. Summary of Statistical Analyses of Photocell Activity in 
the Phencyclidine-Proporanolol Experiment

Degrees of 
Freedom F Value

Probability
Level

Treatment by Blocks 
Analysis of Variance

Source of Variance:

Treatments

Blocks

Treatments by Blocks 
Interaction

8,45

8,360

64,360

34.96

11.34

7.66

< .001 
< .001

< .001

Single Factor Analyses of 
Variance for Each Block

Block:

Baseline

2

3

4

5

6
7

8 
9

8.45

8.45

8.45

8.45

8.45

8,45

8.45

8.45

8.45

< 1 

11.01 
25.61 

24.06 

22.52 

23.28 

20.73 

18.51 

20.20

< .001 
< .001 
< .001 
< .001 
< .001 
< .001 
< .001 
< .001



Table 20. Newman-Keuls Comparisons on Photocell Activity in the Phencyclidine(PCP)- 
Propranolol(Prop) Experiment

Obser
vation
Intervals PCP (10)- PCP (.10)- PCP (10)- PCP (25)- PCP(25)- PCP (.25)- Vehicle- Vehicle-
(Blocks) Vehicle Prop (.10) Prop (25) Vehicle Prop (10) Prop (25) Prop (10) Prop (25)

Baseline - - - — - - - -

2 *b * * - - - - -

3 * * , - - - - - —

4 * * — - - - -

5 * * - - - - - -

6 * * * * — - - -

7 * * > * - - - -

8 * * * * — - - -

9 * * * * - - - -

aPCP and Prop doses are in parentheses and are expressed as mg of free base per kg of body 
weight *
bAsterisks denote significant difference (p<.05) from controls receiving two-vehicle injections»
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Table 21„ Newman-Keuls Comparisons on Photocell Activity in the
Phencyclidine(PCP)-Propranolol(Prop) Experiment

Observation
Intervals
(Blocks)

PCP(IO)a-Vehicle 
vs

PCP(25)- 
vs
Vehicle

PCP(10)- 
Prop(10)

PCP(10)- 
Prop(25)

PCP(25)-
Vehicle

PCP(25)- 
Prop(10)

PCP(25)- 
Prop(25)

Baseline - - - - -

2 - ' - * - -

3 *b * * - -

4 * * * - -

5 - * * ■ — -

6 - * * * *

7 - * * - *

8 - - * * *

9 > - * & A

aPCP and Prop doses are in parentheses and are expressed as mg of free 
base per kg of body weight.

^Asterisks denote significant difference, p < .05.



Table 22. Means and Standard Deviations of Behavior Scores in the Phencyclidine(PCP)-
Propranolol(Prop) Experiment

Obser
vation 
Intervals 
(Blocks)a

Treatment^

PGP (.10)- 
Prop(25)

PGP(10)- 
Prop (.10)

PGP(10)- PGP(25)- 
V ehi cle Prop (.25)

PGP (.25)- 
Prop(10)

PGP (.25)- 
Vehicle

2 3.67 4.00 4.83 2.00 1.83 1.67
(1.75)° (1.10) (1.83) (1.41) (1.47) (1.51)

3 0.67 5.33 5.83 0.17 0.50 2.00
(1.03) (1.21) (1.72) (0.41) (.0.83) (2,45)

4 1.33 4.50 5.33 0.00 1.50 3.00
(1.03) (1.52) (1.51) (0.00) (1.87) (2.28)

5 3.17 3.67 5.17 0.00 2.00 3.67
(1.60) (1.03) (2.48) (0.00) (1.90) (2.50)

6 3.33 5.00 4.33 1.00 2.17 4.00
(1.50) (2.10) (2.07) (0.89) (1.60) (1.90)

7 2.83 2.33 4.50 1.67 2.50 3.50
(1.60) (1.03) (2.66) (1.03) (1.64) (1.52)

8 4.00 3.00 3.50 2.83 3.00 4.16
(1.78) (1.79) (1.64) (2.04) (1.79) (1.72)

£



Table 22.— Continued

Obser
vation
Intervals

Treatment^

POP (.10)- POP(10)- PCP(10)- PCP(25)- POP(25)- PGP(25)-
(Blocks)a Prop(25) Prop(10) Vehicle Prop(25) Prop(10) Vehicle

9 4.50 2.50 4.00 3.67 3.67 5.00
(2.25) (1.87) (1.67) (2.07) (1.03) (2.10)

^PCP was injected immediately after 30-min. baseline. Propronolol or its vehicle was 
administered 30 min. later.

kpCP and Prop doses are given in parentheses and are expressed as mg of free base per kg of 
body weight.

^Standard Deviations are given in parentheses.
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Table 23, Summary of Statistical Analyses of Behavioral Scores in
the Phencyclidine-Propranolol Experiment

Degrees of Probability
Freedom F Value Level

Treatment by Blocks 
Analysis of Variance

Source of Variance:

Treatments 5,30 14,08 < .001

Blocks \ 7,210 3.08 < .025

Treatments by Blocks
Interaction 35,210 2.94 < .001

Single Factor Analyses of 
Variance for Each Block

Block:

2 5,30 4.58 < .005

3 5,30 18.72 < .001

4 5,30 10.46 < .001

5 5,30 5.71 < .001

6 5,30 4.43 < .005

7 5,30 2.11 > .05

8 5,30 < 1 —

9 5,30 1.24 > .25
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Table 24. Newman-Keuls Comparisons on Behavioral Scores in the
Phencyclidine(PCP)-Propranolol(Prop) Experiment

Obser
vation

PCP(10)-Vehicle 
vs

PCP(25)-Vehicle 
vs

Intervals
(Blocks)

PCP(10)- PCP(10)- 
Prop(10) Prop(25)

PCP(25)- 
Vehicle

PCP(25)- 
Prop(10)

PCP(25)- 
Prop(25)

2 — — *b - -

3 _  * * - -

4 * * - *

5 — — - - *

6 — — - - *

7 — — - - -

8 — — - - -

9 — - - -

^PCP and Prop doses are in parentheses and are expressed as mg of free
drug base per kg of body weight.

^Asterisks denote significant defference, p < .05.



CHAPTER 4

DISCUSSION '

The results of the do.se-response study show that all doses of 

PCP caused hyperactivity and stereotypy» Maximal hyperactivity was 

produced by a dose of 10 mg/kg during the 150- to 180-minute interval, 

following injection. This dose of PCP has been reported to produce 

maximal turning behavior in rats with unilateral substantia nigral 

lesions (Finnegan et al. 1976). It has also been reported that signi

ficant decreases in striatal dopamine levels occurred with doses of 5 

mg/kg or more of PCP (Doherty et al. 1980). A curious paradox observed 

in the present study is that larger doses of PCP (25 mg/kg or more) 

increased the latency for appearance of hyperactivity in a dose-related 

fashion. Furthermore, the degree of hyperactivity produced by larger 

doses of PCP"did not approximate the maximal effect produced by PCP,

10 mg/kg, during the entire course of the 4.5-hour observation period. 

On the other hand, stereotyped behavior produced by 5 or 10 mg/kg of 

PCP all but disappeared by the end of the experiment, whereas stereo

typed behavior produced by larger doses of PCP was fully present at the 

end of the experiment. These observations suggest that in addition to 

involvement of the dopaminergic system in central nervous system re-- 

sponses to PCP, other neurotransmitter system(s) may also be activated 

by PCP, especially when larger doses are administered. Such system(s)

47
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may be responsible for initially masking the hyperactivity induced by 

larger doses of PCP» For example, recent evidence indicates that a 

number of initial stereotyped behaviors occurring after large doses of 

PCP may be mediated by enhanced serotonergic activity (Martin et al. 

1979), and it is possible that these stereotypies may initially inter

fere with hyperactivity. Additionally, on the basis of reports that 

enhanced GABA-ergic function is associated with decreased hyperactivity 

(Menon et al. ld80) and increased stereotypy (Murray and Horita 1979) 

following PCP treatment, it is tempting to speculate that temporal 

pattern of appearance of hyperactivity and stereotypy in the present 

study following treatment of larger doses of PCP, involves GABA-ergic 

activity.

The effect of HPD on PGP-induced hyperactivity varied with the 

dosage of the two drugs. The lower dose of HPD (0.1 mg/kg) sup

pressed hyperactivity caused by PCP, 10 mg/kg, during the last hour of 

the experiment. However, it did not significantly reduce hyperactivi

ty caused by PCP, 25 mg/kg. This lower dose of HPD also failed to 

suppress stereotyped behavior caused by both 10 and 25 mg/kg doses of 

PCP. In comparison, the larger dose of HPD (0.5 mg/kg) blocked 

hyperactivity caused by 10 and 25 mg/kg doses of PCP for the duration 

of the experiment. The larger dose of HPD also suppressed behavioral 

responses, but this antagonistic effect was no longer significant by 

the 7th interval, i.e., by the end of 3 hours.
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Both doses of propranolol (10 and 25 mg/kg) suppressed 

hyperactivity caused by PGP. The smaller dose of propranolol suppres

sed the hyperactivity caused by 10 mg/kg of PGP during the second 

hour following injection and suppressed the hyperactivity caused by 

25 mg/kg of PGP for three half-hour intervals, toward the end of the 

experiment. The larger dose of propranolol effectively suppressed for 

2.5 hours (intervals 3 to 7) the hyperactivity caused by 10 mg/kg of 

PGP. The antagonistic effect of this dose of propranolol against 

hyperactivity caused by 25 mg/kg of PGP was apparent only during the 

last 2 hours of the experiment (intervals 6-9). The smaller dose of 

propranolol failed to antagonize stereotyped behavior caused by either 

dose of PGP, whereas the larger dose of propranolol was effective 

against both doses of PGP. However, this antagonism was transient, 

lasting only one hour (intervals 3 and 4) against 10 mg/kg of PGP 

and 1.5 hours (intervals 4-6) against 25 mg/kg of PGP. The transient 

nature of propranolol antagonism against PGP serves to emphasize the 

importance of properly timed studies. For example, in a recently 

reported study (Murray and Horita 1979), propranolol was given 30 

minutes before PGP and it was reported that it exerted no effect 

against certain stereotyped behaviors induced by PGP. The present 

study shows that the blockade of stereotyped behaviors.by propranolol 

only lasts 1 hour after a.single injection. Thus pretreatment with 

propranolol may have resulted in dissipation of its antagonistic 

effect before PGP-induced stereotypies became obvious. The mechanism
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by which propranolol antagonizes the effect of PGP is unknown.

The antiadrenergic property of propranolol is well known, and it has 

recently been reported that propranolol has inhibiting effects on the 

serotonergic behavioral syndrome and hyperactivity (Deakin and Green 

1978). Hence, it is possible that propranolol antagonizes the effects 

of PGP by modifying adrenergic and/or serotonergic functions.

The present investigation constitutes the first systematic 

experimental demonstration of the efficacy of propranolol in blocking 

a broad spectrum of PGP effects. The results of this report are in 

accord with the reported efficacy of propranolol in blocking the 

effects of PGP in humans (Rappolt et al. 1979).
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