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Foreword

Phencyclidine (PCP), or “angel dust” as it is more commonly known

to drug users, posed until recently a relatively modest problem.
While some illicit use occurred as early as the mid ‘60s, the drug’s
initially poor street reputation seemed to make it decidedly unlikely
that it would ever become popular as a drug of choice.

More recent events have made it abundantly clear that our initial
optimism was poorly founded. A change in mode of use from oral
ingestion to smoking or snorting, which may enable the user to better
control aversive consequences of use, together with the ease with
which PCP can be synthesized, have markedly changed the phencyclidine
abuse picture.

In one year (from 1976 to 1977) the number who had used phencyclidine
as measured by NIDA’s National Drug Use Surveys nearly doubled in the
12 to 17 year age group. Among young adults between 18 and 25, the
number of PCP users increased nearly fifty percent in that same year.
Although the level of use detected was still modest, there is good
reason to believe that the standardized indicators of the extent of
PCP use and of its adverse consequences represent significant under-
estimates of the seriousness of the problem. Clinical reports have
also indicated that phencyclidine use can precipitate violent acting
out and seriously self-destructive behavior as well as psychotic
thinking and behavior.

Because of the relatively recent emergence of phencyclidine abuse as
a problem of widespread proportions, our knowledge remains fragmen-
tary. If the dimensions of the problem continue to be in doubt,

still more remains to be learned about the implications of use,
especially on a chronic basis. This volume represents an attempt to
bring together our present knowledge. It is based on a small working
conference of researchers and clinicians with extensive PCP experi-
ence which was held in late February of this year (1978). We hope
that it proves to be a useful compendium of information on the prob-
lem as well as a stimulus to further work to answer some of the
critical questions with which we are confronted. In addition,
because phencyclidine may well prove to be prototypic of a range of
easily synthesized psychoactive drugs susceptible to abuse, we hope
it will stimulate thinking about better ways both to anticipate newly
emerging drug problems and to cope with them.

The Editors
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Chapter 1

Phencyclidine: An Overview

Robert C. Petersen, Ph.D., and Richard C. Stillman, M.D.

Although phencyclidine was first abused in oral form over a decade
ago, it 1s only in recent years as a smoked or snorted drug that

it has become a more serious problem involving significant numbers
of users. This overview is intended to review and summarize what

is presently known about the drug with special emphasis on the con-
tributions of the authors of this volume. By providing a relatively
brief integrated view of our current knowledge we hope to convey

the limitations of that knowledge and to encourage others to en-
large our presently modest understanding of the implications of
phencyclidine abuse.

THE MATERIAL

Phencyclidine,or PCP, one of the group of arylcyclohexylamines, is

in pharmaceutically pure form a white powder which readily dissolves
in water. In “street” form PCP is often adulterated and quite often
misrepresented as a variety of other drugs. It is highly variable

in appearance, being sold 1n liquid, powder, and tablet form, the
latter two in many colors. As a powder or liquid, it is often placed
on parsley or on other leaf mixtures to be smoked as cigarettes
(Joints). When misrepresented, PCP is most commonly sold as THC

(the principal psychoactive ingredient in marihuana, which in reality
is not available on the street). But phencyclidine has also been
sold as cannabinol (another marihuana constituent), mescaline,
psylocybin, LSD, and even as amphetamine or cocaine. Because of

the variability in street names and its frequent misrepresentation,
the casual user may be unaware of what he or she has ingested or

may be mistaken about its true identity.

Some of the street names for phencyclidine include: angel dust,

dust, crystal, cyclones, embalming fluid, elephant or horse tran-
quilizer, killer weed, superweed, mintweed, mist, monkey dust,

Peace Pill, rocket fuel, goon, surfer, KW, and scuffle. The wide
range of regional names for this illicit drug, as well as variations
in its appearance, mean that the casual user may not be aware that

he or she has used PCP or may fail to report its use in surveys because



he or she does not know the drug by the survey designation. A fur-
ther complication in user identification of PCP is the fact that
phencyclidine is sometimes also used in combination with such other
drugs as barbiturates, heroin, cocaine, amphetamine, methaqualone,
LSD, mescaline, and procaine (cf. Lerner and Burns, this volume).

Depending on the care with which the synthesis of PCP is carried out,
the street drug may contain a variety of impurities, including potas-
sium cyanide. Although PCP is sometimes smoked after sprinkling it
on marihuana, it is apparently rarely sold in that combination. At
least one major laboratory on the West Coast which does street drug
analysis has never encountered the combination in samples submitted
to 1t.

In addition to phencyclidine itself, there are over thirty chemically
similar analogs, some of which are capable of producing similar psychic
effects. These also can be synthesized with varying degrees of diffi-
culty, and some have already appeared on the street. Those reportedly
abused thus far include: PCC, PCE, PHP, TCP, and the anesthetic,
ketamine . Details of their chemical formulas and structure are given
by Domino (this volume) . The addition of these compounds, and possi-
bly others in the future, makes the problem of “tracking”" PCP and
related drug use more difficult.

Adding to the risk of PCP use, especially when it is taken orally,
is the wide variability in purity of the street drug. Even when it
is not misrepresented, the percentage of PCP contained in street
samples has been found to be quite variable.

When PCP is sold as a granular powder (“angel dust”), it is usually
relatively pure, consisting of perhaps 50-100 percent phencyclidine.
However, sold under a variety of other names and/or in other forms,
the purity is from 5 to 30 percent, with leafy mixtures generally
containing the smallest amounts of the drug. While in the past
street samples of phencyclidine have often been found on analysis

to contain other drugs as well, more recently such samples appear
less likely to contain other drugs in addition to PCP. It should,
of course, be noted that samples submitted by users for analysis are
not necessarily representative of street drugs overall. Users are
far more likely to have analyzed drugs about which they have some
doubt or from which they have had some unusual reaction. Nevertheless,
it does appear that the purity of PCP street samples has increased
in that it is less frequently sold mixed with other psychoactive
materials.

Phencyclidine can be easily synthesized. The “starting” chemicals
are widely available and because of their important industrial uses
do not lend themselves to more stringent controls. While some of
the mass media accounts have exaggerated the ease with which phen-
cyclidine can be made. it is not particularly difficult and can be
done by individuals with only modest technical training and without
elaborate equipment.

The precise classification of PCP is presently unsettled. PCP has
stimulant, depressant, hallucinogenic, and analgesic properties
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which are dose-dependent. One proposed classification is with
ketamine as a “dissociative anesthetic” (cf. Domino, this volume).

Phencyclidine is used legally in veterinary medicine as an animal
immobilizing agent. Although it was originally developed as an
anesthetic for use with humans, it was later abandoned for that
purpose because in some patients it produced post-operative thought
disturbances and agitation. PCP made its first illicit appearance
in 1965 on the West Coast. At that time it rapidly developed a
bad street reputation and had only limited popularity. Since then
there have been sporadic outbreaks of its use. Most recently there
is evidence from a variety of sources suggesting a marked increase
in use (cf. Extent of Phencyclidine Abuse, below).

Although originally orally ingested, PCP is now most commonly smoked
or snorted. Intravenous use is much less frequent, but has been re-
ported. By smoking, the experienced user is better able to limit

his dose (self-titrate) to a level with which he or she is comfort-
able and is probably less likely to overdose. By contrast, when the
drug is taken by mouth there is a longer period before the drug takes
effect, it continues to be absorbed after the user may have concluded
he has had enough, and the dose is frequently larger--all factors
more likely to result in adverse reactions due to an overdose.

BIOLOGICAL, NEUROCHEMICAL, AND PRECLINICAL BEHAVIORAL ASPECTS

Three of the papers in this volume focus specifically on what is
presently known about the neurobiological, neurochemical, and pre-
clinical behavioral aspects of phencyclidine. Domino (this volume)
divides and summarizes the major pharmacological properties of PCP
and related compounds as follows:

Central Nervous System Effects

a. Small doses lead to a “drunken” state with numbness of the
extremities and in some species produces excitation.

b. In moderate doses, analgesia and anesthesia are produced.

c. A psychic state somewhat resembling sensory isolation is
produced. Sensory impulses in grossly distorted form do,
however, reach the neocortex.

d. Cataleptiform motor responses occur.

Large doses, expecially of PCP, may produce convulsions.
There are marked inter-species differences in effects. Pri-
mates and especially man show predominantly depressant effects.

Yo

Autonomic and Cardiovascular System Effects
a. Sympathomimetic effects are produced including increases in
heart rate and blood pressure.
b. Catecholamines are potentiated through a cocaine-like action.

Balster and Chait (this volume) in their review of the preclinical
behavioral pharmacology of PCP emphasize several points. They too
underscore the interspecies differences in PCP effects. For example,
ir%frodents, unlike primates, PCP has excitatory rather than depressant
effects.



Unlike virtually all other hallucinogens, with which PCP is sometimes
categorized, monkeys will self-administer phencyclidine. This sug-
gests that animal testing of other PCP analogs may be useful in
predicting their dependence liability in man. Experiments with PCP
to date do not, however, suggest that phencyclidine produces compar-
able physical dependence to that of the opiates or other CNS depres-
sants. Tolerance from two to four times the original amounts develops
if the drug is administered chronically to test animals. Finally,
work done thus far indicates the PCP enhances the depressant effects
of delta-9-THC (the principal psychoactive ingredient in marihuana)
and the anesthetic effects of pentobarbital. When administered with
d-amphetamine, there is preliminary evidence that PCP increases
amphetamine stereotype in rats.

Johnson, in his review of the neurochemical pharmacology of phency-
clidine (this volume), emphasizes that our knowledge in this area is
in its infancy, but that it appears unlikely that the diverse spectrum
of effects is mediated by PCP’s action on any one neurotransmitter.
He also points out that there have been virtually no studies exploring
the neurochemistry of chronic use.

EXTENT OF PHENCYCLIDINE ABUSE

Attempts at estimating the extent of PCP use are fraught with dif-
ficulty. Since the drug is often sold as any one of a variety of
other psychoactive substances, the user, especially if he or she

is inexperienced, may not realize PCP is involved. The fact that
phencyclidine is known by an unusually large number of street names
and varies widely in its physical appearance also contributes to
confusion in casual user identification. Most official reports of
drug use have in the past lumped PCP with other hallucinogens, making
trend detection from such sources difficult. Moreover, the patient
admitted for emergency treatment of PCP-induced bizarre behavior is
likely to be diagnosed as acutely schizophrenic rather than as a toxic
drug reaction. Patients admitted with injuries from automobile acci-
dents, fires and drownings in which PCP was a cause may not be so
identified. Thus a marked increase in use and in use-related drug
emergencies may not be reflected in emergency room or medical exam-
iner statistics.

Despite these limitations, there are a number of converging lines

of evidence suggesting increased use in recent months. These range
from reports of law enforcement agencies on disruption of illegal
laboratory production to self-reports by users. While available
survey data has definite limitations, they provide minimal estimates
of the level of phencyclidine use as well as some short term trend
indicators. In NIDA’s 1976 National Survey, 3 percent of youth
between 12 and 17 years of age at the time of the survey acknowledged
having used PCP at some time in their lives. Among young adults
18-25, the age category in which virtually all drug use peaks, nearly
one in ten reported having used PCP prior to the 1976 survey. By
contrast, data from the 1977 National Survey suggests that the per-
centage who had ever used in the 12-17 year-old group had nearly
doubled since the earlier survey (5.8 percent vs. 3.0 percent in 1976).



Use by the 18-25 age group had also increased markedly, from 9.5
percent to 13.9 percent. The likelihood that these increases were
simply the result of year to year survey sampling variation is small
(less than one in a hundred).

Some indication of the extent to which a drug poses serious problems
is provided by the Government’s Drug Abuse Warning Network (DAWN).
DAWN is a national reporting system which collects reports of drug-
related deaths and drug-related emergencies involving hospital emer-
gency room treatment. For reasons that have already been outlined,
such figures are likely to be minimal estimates of the overall PCP
problem. They are, however, also useful in providing some indication
of trends. When data are examined from the 662 emergency rooms which
consistently reported to DAWN from November 1974 to October 1976,

the rate of PCP emergencies doubled during that period (there were 111
mentions in October 1976 contrasted with 54 in October 1974). Reports
of PCP-related deaths show nearly as great an increase when the period
from April 1976 to March 1977 is contrasted with that of the previous
year (30 PCP-related deaths vs. 17 the year before). Again, such
figures are likely to be minimal estimates of the actual extent of
PCP-related mortality.

A major reported cause of PCP deaths in California has been drowning.
In one series of 19 PCP deaths investigated in two California counties,
11 of the 19 were from drowning--one while in the shower. The PCP
user readily loses his orientation while swimming or immersed and
frequently drowns, sometimes in very small amounts of water. Unless
PCP in the body is specifically searched for under such circumstances,
it is very likely to be missed. Similarly, deaths resulting from
violent behavior and accidental deaths resulting from PCP intoxication
may not be reported as PCP-related. Suicide while under the influence
of the drug was the cause of death of three additional persons in the
California study. Another death was the result of threatening behav-
ior leading to the individual’s being shot (Burns and Lerner 1978).

Another source of data which provides some indication of the extent
of phencyclidine use among chronically drug-using youth is the
National Youth Polydrug Study (NYPS), in which 97 drug abuse treatment
programs specializing in treating youthful drug abusers participated.
During the period from September 1976 to March 1977 interviews were
conducted collecting detailed data on patterns of drug abuse for 2750
new clients under age 19. Within this sample nearly a third (31.8
percent) reported having ever used PCP. It was more often used than
inhalants, sedatives, cocaine and opiates (other than heroin and
methadone). Females in the sample were as likely to have used PCP

as males. Whites were far more likely to report using it than either
black or Hispanic clients (42.3 percent of whites, 8.5 percent of
blacks and 9.0 percent of Hispanics). Females in the sample were
found to have first used PCP at a slightly earlier age (14.4 years)
than males (14.7 years). American Indians began use at the earliest
age (13.9) followed by Hispanics (14.0) whites (14.6) and blacks,
(15.3). Two-thirds of those who reported ever having used PCP re-
ported continuing use at a rate of at least once a week for at least
one month. PCP users had also used twice as many other recreational
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drugs as had non-PCPusers (6.0 vs. 2.8 substances respectively).
Half the current PCP users were using PCP once a week or more

often during the three month period that was studied. While this
data source is obviously not representative of youth generally,

(iit does suggest that PCP use is quite common among abusers of other
rugs.

THE SUBJECTIVE EXPERIENCE -- MOTIVES FOR PHENCYCLIDINE USE

One of the more puzzling questions about PCP use is just why users
continue to use in the light of the widely noted and even user
acknowledged negative aspects of the experience. Several of the
papers in this volume provide some insight into this important
question both on the basis of user reports and on theoretical
grounds. One answer that emerges is that initial reports both

in the clinical literature and in the mass media have stressed

the negative aspects and failed to note user-perceived more
positive aspects. In a major study of some 319 adult users
ranging in age from 21 to 38, Siegel (this volume) specifically
questioned users regarding the subjective effects of the phency-
clidine experience. Interestingly enough, users in this sample
reported negative or undesired aspects on every occasion of PCP
use and positive or desired effects of use, only 60 percent of

the times used. Effects reported positively included heightened
sensitivity to outside stimuli (by 94 percent of users), stimu-
lation (92 percent), dissociation (88 percent), mood elevation

(61 percent), inebriation (55 percent), and relaxation or tran-
quilization (by 55 percent of users). Only one in twelve (8
percent) reported experiencing euphoria, however. Negative effects
reported by the majority of users included perceptual disturbances
(by 75 percent), restlessness (by 76 percent), disorientation

(63 percent), and anxiety (61 percent). Approximately a quarter
to a third of users reported such troublesome effects as paranoia
(34 percent), hyperexcitability (27 percent), irritability (22
percent), and mental confusion (22 percent). Four out of five
users had speech difficulties (dysarthria) while using the drug.
Fauman and Fauman (this volume) studied twenty-five chronic
phencyclidine users under treatment in an Illinois residential
treatment program. Their average age was nearly nineteen (18.8
years), and they had used PCP for an average of 3.6 years. Half
(12) described their initial PCP experience in such positive
terms as “fantastic,” “mind blowing,” an intense high or a happy
experience. Ten of the twenty-five found the first experience
neutral or mildly unpleasant. Only seven of the twenty-five re-
ported their typical PCP experience was positive. Eleven reported
their usual PCP experience to be unpleasant and three described

it as making them feel “rowdy” or ‘Violent.” Lerner and Burns
(this volume) in a study of 20 chronic users in the San Francisco
area, report that four out of five found their first PCP experience
“fun” “exhilarating, and that they (the users) felt “happy” or
“euphoric.” Marsella and Hicks (this volume) emphasize the role of
drug use among native Hawaiian youth in the Job Corps as a way of
relieving boredom and the possible importance of the drug experience



in fostering a new sense of what is “real” in contrast to the more
usual conceptions of non-drug using groups. Given this new norma-

tive standard, continued drug use may be important in maintaining
1t.

A theoretical framework for explaining the persistence of PCP-
using behavior despite its obviously negative aspects is offered
by Mello (this volume). She emphasizes the reinforcement value
of the drug experience regardless of certain aversive consequences
because of its role in changing the user’s subjective state. In
practical terms this means that a drug which has the ability to
markedly alter the individual’s subjective feelings may be rein-
forcing even though that alteration is not always marked by posi-
tive aspects in the usual sense.

Another aspect of the PCP experience that may be important in its
continued use is the very risk taking it entails. The excitement
of not knowing just how the experience will turn out and the ability
to later boast of the risks taken, may convey a certain amount

of status, especially in drug-using peer groups (perhaps in a

way analogous to the telling of “war stories” by those who have
been in the military). Related and perhaps easier to understand
are some of the other effects reported by many PCP users: feelings
of strength, power, and invulnerability.

As indicated, difficulties with speech are common. It is frequently
blocked, sparse, and purposeless. Auditory and sometimes visual
hallucinations may occur, more frequently at higher doses, and
feelings of severe anxiety, impending doom or death may appear
and disappear. Touch and pain sensations, as might be expected
since PCP was originally developed as an anesthetic, are dulled
and, as a result, even severe injuries sometimes occur with the
user unaware or only minimally aware of their occurrence. Bizarre
behavior of many types has been reported.

Users typically describe the drug as stronger than marihuana
(“superpot”), perhaps more comparable to LSD, but basically “in

a class by itself.” As with these other drugs a few users speak
of attaining distinctly new perspectives, of a more “philosophical
outlook” and of seeing their lives freshly with a new sense of
uﬁlity. Great variability exists in the effects from one user to
the next.

MODES OF USE

The novice user is often introduced to the drug openly or covertly
by smoking it sprinkled on such leafy materials as tobacco, mari-
huana, or dried parsley in a “joint” (a hand rolled cigarette).
Occasionally a manufactured mentholated cigarette is dipped in
liquid PCP and later smoked (“superkools”). Although other routes
of ingestion are sometimes used (e.g., snorting, oral ingestion,
or more rarely, intravenous injection), the effects of the differ-
ing routes are similar, differing primarily in rapidity of onset
of effects (as previously indicated, overdoses may be more likely



with oral doses because of the longer latency period before the
drug has an effect and the lessened ability to “self-titrate” the
dose). In typical use, the “high” from a single dose lasts from
four to six hours with an even longer “coming down” period.

Both animal data (cf. Balster and Chait, this volume) and human
reports suggest that a degree of tolerance develops, with increas-
ing doses being required at the end of a “run” to achieve the
same effects as at the beginning. PCP is a social drug in the
sense that virtually all users report taking it in groups rather
than as a solitary experience.

Chronic users are reported (Lerner and Burns, this volume) to
take the drug in “runs” that may extend over two or three days
during which they remain sleepless. Appetite is also reportedly
suppressed, resulting in weight losses of ten to thirty-five
pounds during repeated periods of chronic use. Following a “run”
users need great amounts of sleep and may awaken feeling disorien-
ted and depressed. In later stages of chronic use, outright para-
noid and violent behavior with auditory hallucinations may appear.

The possible role of PCP in precipitating long term psychosis is
at present poorly understood. It may be that persistent psychosis
occurs in individuals who are latently schizophrenic as a result
of some “triggering” function of phencyclidine. Whatever the
cause, there 1s some evidence that individuals who have used PCP
in the past may later develop a more persistent schizophrenia
despite some months of abstinence from the drug (cf. Luisada,

this volume).

Having used phencyclidine repeatedly without serious adverse
effects is apparently no guarantee that more serious consequences
will not occur unexpectedly on another occasion of use. At least
one group of clinical investigators (Burns and Lerner, 1978)
believes that if use is persistent, adverse consequences will
almost invariably follow.

The premorbid personalities of PCP abusers are not consistently
described in the literature. PCP users appear to have a variety
of personalities, not fitting a single pattern. Fauman and Fauman
(1977) made the point that many of those who become psychotic with
this drug appear to resemble persons who become psychotic using
LSD. However, PCP abusers include not only socially marginal
people, but also people of substantial achievement without obvious
premorbid psychopathology.

For chronic PCP users, PCP is in fact a drug of choice. Lerner
and Bums (this volume) report that chronic phencyclidine users
experienced persistent cognitive and memory problems. Speech
difficulties included stuttering, poor speech articulation, and
difficulties in expressing themselves to others, effects lasting
6 months to a year following prolonged daily PCP use. Mood dis-
orders also occurred; viz: depression, anxiety, and violent be-
havior. Purposive activity became more difficult with resultant
loss of employment or impaired school performance.
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TREATMENT OF CHRONIC PCP USER

As with other drug abuse, the motivations of the user are crucially
important in the approach to treatment. In at least one geo-
graphic area of high PCP abuse, a downturn in emergency cases,
possibly indicating less widespread general use, followed an
intensive effort by the local community mental health center to
publicize the adverse effects of the drug. Unfortunately, numerous
case accounts suggest that the user who consistently enjoys PCP
will be reluctant to give up its use, since it is relatively
cheap, easily available, and quite powerful. Although for many

it is a particularly disagreeable drug, for others it is quite
enjoyable. Whether this reflects a psychopharmacologic difference
between these groups is not known, but its genuine appeal to some
must be taken into account in any therapeutic or educational pro-
gram. Not only is the drug readily available, but so is the ex-
ample of users who experience severe depression while taking the
drug, but who continue their use of it notwithstanding.

In their discussion of long term residential treatment of adolescent
PCP abusers, DeAngelis and Goldstein (this volume) emphasize the
importance of dealing with underlying emotional conflicts in their
clients rather than focusing on their phencyclidine use itself.
Discussion of drug abuse itself, they feel, is often a way in
which the disturbed adolescent can avoid coming to grips with

his or her real problems which cause drug abuse. In their popu-
lation they have found that about half reported PCP use. They
report that many of their PCP users in treatment show “flattened
affect, depression, agitation, hostility, and belligerence.”

As a result, staff have lower initial expectations of PCP users’
participation in such activities as therapy, school or recreational
programs and are initially more tolerant of angry outbursts.
Chronic PCP users were found to stay in the program longer than
other types of drug abusers (DeAngelis and Goldstein, this volume).

PCP OVERDOSE (cf. Done, Aronow and Miceli; Aronow, Miceli
and Done; Luisada; Smith et al. - all in this volume)

Diagnosis

The victim of an overdose of PCP may exhibit many different
symptoms during the course of his intoxication, depending on the
dose, how recently it has been ingested, and frequency of prior
use. Some cardinal signs of PCP overdose are: ataxia, vertical
and horizontal nystagmus, assaultiveness or catatonic staring,
and generalized anesthesia. Severe convulsions may also occur
in extremely heavy overdoses, and PCP exhibits the lethal proper-
ties of a central nervous system depressant, with respiratory
depression, coma and death.

The dose of PCP which may result in a trip to an emergency room
is as varied as the presenting symptoms. A single cigarette may,
in the inexperienced (or deceived) user, produce overwhelming
feelings of acute anxiety requiring prompt but relatively
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brief reassurance and therapeutic support. In adults, quantities
in excess of a half a gram have been used and it is particularly

in this dose range (or higher) that life-threatening effects

liu‘e likely to be manifested along with severe behavioral distur-

ance.

The diagnosis of PCP over-dosage is frequently missed (Fauman and
Fauman 1977). Because the presenting symptoms so often closely
resemble those of an acute schizophrenic episode, this is a common
misdiagnosis. Aronow and Done provide a useful summary (Aronow
and Done 1978) of the range of physical and psychological symptoms
likely to be encountered in the emergency room situation.

At relatively low doses (on the order of 5 mg in the adult, lead-
ing to an estimated serum level of 20-30 ng/ml) they describe
the patient as likely to show some of the following symptoms:

agitation and excitemnt
gross incoordination

blank stare appearance
catatonic rigidity
catalepsy

inability to speak
horizontal or vertical nystagmus
loss of response to plnprlci
flushing

diaphoresis

hyperacusis

Psychologically the patient may have the following subjective
responses: changes in body image, estrangement, disorganization
of thought, feelings of inebriation, drowsiness and apathy. The
patient may show marked negativism and hostility as well as bizarre
behavior. Later, the patient may be amnesic for the drug episode.

At moderate doses (approximately 5-10 mg., leading in the adult
to serum levels of 30-100 ng/ml) they list the following symptoms:

coma or stupor

eyes remain open

pupils in midposition and reactive

nystagmus

vomiting

hypersalivation

repetitive motor movements

myoclonus (shivering)

muscle rigidity on stimulation

flushing

diaphoresis

fever

decreased peripheral sensations (pain,
touch, and position)

10



At still higher doses (over 10 mg, leading in the adult to serum
levels of 100 ng/ml and higher) the authors note the following:

prolonged coma (from 12 hours to many days)
eyes closed

variable pupil size, but reactive
hypertension

opisthotonic posturing

decerebrate positioning

repetitive motor movements

muscular rigidity

convulsions (at doses of 0.5 to 1 mg/kg)
absent peripheral sensation

decreased or absent gag and corneal reflexes
diaphoresis

hypersalivation

flushing

fever

(The doses cited are rough guidelines; other investigators suggest
that significantly higher doses of PCP are needed to produce
each of these clinical pictures.)

If the symptoms found are suggestive of recent PCP ingestion, a
urine or blood sample may reveal the presence of the drug. If

a large amount has been ingested, considerable quantities of PCP
will be present in urine for several days (or more). Attempts
should be trade to elicit a drug history from informants, although
it is quite possible that they may only know the drug under one

of its street names (cf. The Material) or may not even know that
the patient has taken phencyclidine if the drug has been misrepre-
sented. Since the drug often renders the patient amnesic for

the circumstances of taking it, he or she may not remember having
taken it or may only recall it during a later period of recovery.
A history of recent ingestion of other drugs may complicate the
diagnosis and treatment. Thus the diagnosis may sometimes be
established by history, sometimes by laboratory tests, by the
physical and psychological course of the patient or by some combi-
nation of these.

Treatment of PCP Overdose
Life-support measures

The hospital management of the PCP overdose victim is divided into
phases corresponding to the time course of action of the drug.
The initial phase requires symptomatic, often intensive medical
management. It includes the most acute physical effects of the
drug, including the possibility of respiratory depression, con-
vulsions, and coma. Treatment of this phase frequently requires
the full life-support capabilities of a good intensive care unit.
Acidification of the urine and gastric drainage (see below) will
markedly hasten the excretion of PCP. Since there is no specific
antagonist for PCP other treatments are symptomatic. PCP often
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induces hypersecretion in the pharnyx, which must be suctioned.
Respiratory depression calls for external respiratory assistance.
Hyperthermia can be treated with external cooling. Life-threaten-
ing consequences of rapid development of hypertension can be treated
with diazoxide (Hyperstat) or hydralazine hydrochloride (Apreso-
line). Convulsions can be managed with IV diazepam and constant
attention to maintenance of an unimpaired airway. However, some

feel diazepam may prolong the course of the intoxication.

Isolation

Most clinicians advocate placing the patient in an isolated envi-
ronment during this period, reducing sensory stimulation as much
as possible in order to minimize the phase of excitability,
irritability, anxiety, paranoia and violence which often follows
the obtunded or comatose phase. Needless to say, such isolation
of the patient (in quiet rooms, etc.) cannot be at the expense of
vigilant medical monitoring of the patient’s vital signs and his/
her response to emergency life-support management. Patients are
often so unmanageable that restraints are necessary, and the help
of four or five (not one) burly aides will often be needed to
prevent injury to staff or patients. If it is necessary to ad-
minister tranquilizing agents to keep the patient manageable, do
not use phenothiazines during this acute stage because of the
anti-cholinergic potentiation with PCP. Haloperidol (Haldol) has
been recommended (5 mg IM repeated hourly until the patient is
under control).

Detoxification

Recently ingested drugs should be removed by gastric lavage.

Done (1978) and Aronow and Done (1978) describe an emergency
detoxification procedure which achieves greatly enhanced urine
concentrations of PCP by lowering the urine pH to 5 or less.

They recommend administration of ammonium chloride by gastric
intubation or, in severe cases, intravenously. (Prior screening
must be done for the concomitant presence of such other drugs

as phenobarbital or salicylates, whose excretion might be adversely
affected by acidification; the presence of liver damage contra-
indicates the use of ammonium chloride.) To acidify by intubation
they use 2.75 mEq/kg ammonium chloride in 60 cc or saline solution
every 6 hours along with intravenous ascorbic acid (2 gm/500 cc

IV fluid q 6 hours) until the urine pH drops below 5. For patients
in deep coma, they advise using intravenous ammonium chloride

(2.75 mEqg/kg as a 1-2 percent solution in saline) with precise

and repeated monitoring of blood pH, blood gases, BUN, blood ammonia
levels, and electrolytes. These guidelines must be adapted for
every patient individually by a medical team experienced in
electrolyte management.

The treatment of acute toxic effects usually belongs in an inten-
sive care unit, not an emergency room. Constant gastric suctioning
is essential because PCP can pool in gastric contents, and should
be continued well past the point of awakening from coma. The
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excretion of PCP is variable and prolonged. Ten days to two weeks
of further acidification using cranberry juice is indicated,
because of remaining body stores of PCP.

If medical treatment is successful, the patient’s coma will lighten,
only to be replaced, frequently, by delirium, paranoia, and violent
assaultiveness. This may occur at the same time as life-support
measures are still necessary, requiring constant attention from

the medical staff so that intubation and intravenous lines remain
open and intact. Any patient in whom coma is followed by a pro-
longed period of confusion should, as recommended by Burns and
Lerner (1978) have a psychiatric consultation prior to discharge

to evaluate residual paranoia or potentially suicidal depression.

PCP Psychosis
a. Diagnosis

Some patients experience a psychotic phase which lasts from several
days to several weeks despite abstinence from further PCP. The
psychosis may occur after single doses of PCP. Luisada (this
volume) divides these psychoses into three stages, each lasting
several days: the initial stage, characterized by violent psy-
chotic behavior; the second stage, with restless but more con-
trolled behavior and a lessening of delusional activity; and the
final stage, characterized by rapid improvement of thought dis-
orders and amelioration of paranoia.

It should be emphasized that this psychotic stage may be the first
stage at which the patient enters treatment, often through a
psychiatric hospital emergency room rather than a general medical
hospital emergency service. The PCP user may at this point be
misdiagnosed as schizophrenic, especially if a drug history is
unavailable or inaccurate. He may or may not have passed through
an earlier stage of reduced consciousness or coma in the company
of friends or by himself, but presents with a psychotic-like
picture of confusion, incoherent speech, paranoia, assaultiveness,
restlessness, autism, preoccupation, mutism, auditory halluci-
nations, and grandiosity. An erroneous diagnosis of schizophrenia
does not complicate his or her immediate treatment, which is much
the same for acute schizophrenia, but labels him with a diagnosis
which may be quite inappropriate and misleading for future medical
contacts.

b. PCP psychosis - a psychiatric emergency

Phencyclidine psychosis constitutes, in this initial phase, a
psychiatric emergency, one often misidentified (in St. Elizabeth’s
hospital in Washington, D.C., PCP psychosis actually became for
two years the leading cause of inpatient psychiatric admission,
outstripping both schizophrenia and alcoholism). The patients

are dangerous to themselves, because of depression and suicidal
impulses, and dangerous to others, because of paranoia and strong
tendencies toward violence. For patients fitting this description,

13



psychiatric inpatient treatment is indicated. Voluntary hospitali-
zation 1s seldom acceptable to the hostile, suspicious patient.
The immediate goals of treatment for this acute PCP-induced psy-
chosis (Luisada, this volume) are:

prevention of injury to the patient or others
assurance of continuing treatment

reduction of stimuli

amelioration of psychosis

reduction of agitation

Crcobo =

c. Treatment of PCP psychosis

In treating the psychosis, most clinicians prefer to use
haloperidol, 5 mg IM given hourly if needed, to avoid the
possibility of potentiation of PCP anticholinergic effects by

a phenothiazine. Chlorpromazine is also effective, but prior to
instituting any phenothiazine treatment of a psychotic patient
with a history of PCP use, it is essential to determine whether
the patient 1s still intoxicated with PCP. The patient should

be examined for the presence of nystagmus and ataxia, which, if
present, indicate intoxication. The pupils should also be examined
to guard against anticholinergic drug intoxication. If there is
no possibility of continuing intoxication by a cholinergic drug,
chlopromazine may be given instead, starting with 400 mg/day
orally in divided doses (after a test dose of 50 mg) and increased
as necessary by 200-600 mg/day. On the average, a daily dose of
1600 mg/day of chlorpromazine will be reached by the end of the
initial phase of treatment. The response of PCP psychosis to this
aggressive treatment is characteristically slow, distinguishing
it from paranoid schizophrenia, which usually responds much more
rapidly.

As the psychotic symptomatology abates, there are sometimes un-
predictable reexacerbations. Patients will often wish to sign
out against medical advice, with encouragement from others to do
so, only to experience unexpected suicidal or homicidal impulses
following their discharge (the patient may still not realize,
because of drug-induced amnesia, that PCP was responsible for his
hospitalization). When feasible, group and milieu psychotherapy
can help.

Outpatient follow-q treatment is aimed at keeping the patient
away from resuming drug use, a task which is not always easy des-
pite the dysphoria associated with the experience which led to
hospitalization. Luisada and Brown (1976) make the provocative
observation that “about one-fourth of the patients originally
treated for phencyclidine psychoses return about a year later
with schizophrenic ones in the absence of drug use. . . These

later episodes have lacked the characteristic violence of the
phencyclidine-induced ones, and they have been much more quickly
responsive to antipsychotic drugs.” Thus, some of the users who
became psychotic under PCP may have been “at risk” for schizophre-
nia, which later reappeared without the precipitating drug. (Some,
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in fact, may have been identifiably schizophrenic prior to using
the drug.)

Profound depression is experienced by significant numbers of users
(not just overdose cases). They must be followed carefully to
monitor their suicidal potential (Smith et al. 1978).

PHENCYCLIDINE - THE UNANSWERED QUESTIONS

Our present knowledge of phencyclidine as an abused drug is de-
cidedly modest. Indeed, as was pointed out earlier in this account,
even the basic data pertaining to the incidence and prevalence
of its abuse are largely lacking. What information is available
represents a minimal estimate of both the extent of PCP use and
of possible adverse effects of such use. Since PCP is often
misrepresented as some other drug, inquiring about its use is
certain to represent an underestimate of such use, especially
by the less chronic user. And, as we have seen, the individual
who suffers from a schizophrenic-like reaction to the drug is
likely to be diagnosed as an acute schizophrenic reaction rather
than as a toxic drug reaction.

Our understanding of the personality characteristics of more
chronic users and the effect that phencyclidine has on their

lives is also limited. For example, there is some question whether
or not the acute schizophreniform reaction sometimes encountered

in users may not be indicative of a latent schizophrenia precipi-
tated by the drug. Similarly, we know little of the frequency and
circumstances under which PCP potentiates aggression, although
there have been many individual clinical reports of highly destruc-
tive behavior related to drug use.

Although it is believed that PCP ultimately results in “burned
out,” dulled intellectual functioning after repeated use, this

has yet to be verified objectively. Besides possible adverse
effects on intellectual functioning, phencyclidine may also dis-
rupt psycho-social functioning in ways that remain to be delineated.
Because it is widely used during adolescence, it is especially
important to assess its possible effects at this age.

A still puzzling paradox not yet fully explained is the apparent
increase in PCP use in recent years despite a continued poor
street reputation of the drug. This increased popularity may
reflect the improved ability of the user to avoid overdose when
the drug is smoked or snorted rather than taken orally, the desir-
ability of simply changing one’s state (Cf. Mello, this volume),
the marked increase in PCP availability or some combination of
these and possibly other factors as well. Despite speculation,
the motives for use of phencyclidine remain poorly understood.

Lasting biological implications of use and especially of chronic
use arc largely unknown. These include possible reproductive
effects of PCP use as well as possible alterations in neurophysio-
logical functioning that may be related to prolonged use. While
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higher doses of this drug are unquestionably incapacitating, much
less is known about the effects of lower doses which may be more
typical of recreational use, especially when the drug is smoked.
Thus the wide range of possible dose response relationships involving
PCP needs elucidation. Carefully designed experiments which investi-
gate the relationships between dose, tissue and fluid levels,

and pharmacological and behavioral effects of PCP and its analogs
should be conducted in man where medically and ethically possible.
Since PCP is often used in association with such other drugs as
alcohol, marihuana, and the barbiturates, it is important to know
the effects of such combinations. For example, doses of alcohol

or PCP which are not seriously toxic alone may become so when both
drugs are taken concomitantly.

Similarities and differences between PCP and other abused sub-
stances can be evaluated in animals with sensitive behavioral
techniques. Behavioral and drug-specific variables which contri-
bute to the initiation and maintenance of PCP self-administration
should be studied. The effects of PCP on a wide range of behaviors
(e.g., aggression, punishment- induced conflict, cognitive function
andg sensory discrimination) remain to be investigated. The long
term behavioral- toxicological consequences of phencyclidine admini-
stration should be examined in these contexts.

Unfortunately , phencyclidine has about 30 analogs -- drugs with
slightly different chemical structures which nevertheless have
similar effects. Little is known about the similarities or
possible differences in effects between these compounds and PCP.

Recent attention to the detection and quantification of phencyclidine
in biologic samples has provided valuable techniques, which are
based on standard and existing methods. These must be made

readily available for clinical and research purposes. There is
considerable need for detailed information on the metabolism,
disposition, and pharmacokinetics of phencyclicline and its analogs
in acute and chronic situations. This must in turn be matched

with carefully gathered clinical data and used to improve treat-
ment methods for overdoses.

Finally it is important that we develop effective prevention
strategies to discourage PCP use. In the past, some success has
been obtained in discouraging the use of other drugs by making
widely known their harmf%ﬂ effects. Unfortunately this approach
would not seem to work with PCP. The dangers of its use -- both
short and long term -- are apparently quite well known to its
users. We will have to understand the reasons for its use and
the most effective ways to reach and dissuade the user. These
goals become particularly important for a drug, or family of
drugs, whose street availability cannot be substantially diminished
by means presently known.
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Chapter 2

Neurobiology of Phencyclidine—-An Update

Edward F. Domino, M.D.

INTRODUCTION

Bbout 22 years ago I was on a plane flying from San Francisco to
Detroit. On the same plane was Dr. A.C. Bratton, at that time the
Director of Pharmacological Research at Parke Davis Laboratories
in Detroit. It took about six hours to fly across the country so
we had much to talk about but especially about a fascinating com-
pound that they had just discovered (Chen et al. 1959). Dr.
Bratton said that in rodents it was amphetamine-like but it also
made them drunk and ataxic. In dogs the chemical caused yelping
and convulsions. Monkeys were beautifully "tranquilized" and in
larger doses anesthetized by this agent. The Parke-Davis research
staff was confused. They really did not know what to do with this
compound. They were wondering whether they should take it into
man or drop it. Would I be interested in taking a look at it? My
response was positive and we did take a preliminary look at the
compound. Our initial studies were in the Macaca mulatta monkey.
In this species the agent was remarkable! It caused serenity,
hence the trade names Sernyl or Sernylan. As far as I was con-
cerned, it was the best anesthetic agent I had ever seen for the
monkey. It appeared to be very safe compared to other general
anesthetics. So remarkable was this state of anesthesia that a
decision was made to file this new drug, whose code number was
CI-395 and which was subsequently called phencyclidine, with the
Food and Drug administration. Greifenstein, in Anesthesiology at
Detroit General Hospital and Wayne State University, was asked to
test it as a general anesthetic in patients. This he did (Greifen-
stein et al. 1958). He was so amazed at the remarkable anesthetic
state it induced that with Meyer in Neurology at Wayne State
University, he concluded that phencyclidine produced sensory dep-
rivation (Meyer, Greifenstein and De Vault 1959). At that time
Luby, also from Wayne State, was studying sensory deprivation as
a model of schizophrenia at the Lafayette Clinic. After he heard
about phencyclidine, he decided to compare it to actual sensory
deprivation in both normals and schizophrenic patients (Luby et
al. 1959). Luby was so impressed with the findings that he recom-
mended to Jacques Gottlieb, then Director of the Lafayette Clinic,
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that T be asked to be their pharmacological consultant, for he
knew that I had done some of the animal studies with this drug.
So began my clinical introduction to phencyclidine and a long and
fruitful association with the Lafayette Clinic.

In 1964, when we reviewed the neurobiology of phencyclidine (Domino
1964) it impressed us that the development of a new drug provides
the pharmacologist and clinician with a number of surprises. That
conclusion is even more true today. Who would, in their wildest
imagination, predict that a dissociative anesthetic, which pro-
duced a high incidence of anesthetic emergence phenanena and was
adrugwhichmimicked the primary symptoms of schizophrenia by
distorting body image, would become the number one drug of abuse
in the United States in 19782 Yet that is what the drug culture
of our country has acomplished with phencyclidine. Surely a
schizophrenomimetic drug in low dosage, and anesthetic and a con-
vulsant in large doses, would not seem to be reinforcing - yet

it apparently is to many people who now call it by many different
names, including PCP, synthetic THC, angel dust, hog, crystal,
animal tranquilizer, horse tranquilizer, peace pill, Pea Ce Pill,
crystal joint, CJ, KJ, sheet, and rocket fuel. People who abuse
phencyclidine have been called parsley monsters when the drug is
applied to parsley and smoked. Those who are "high" on phency-
clidine are said to be "crystalized." The drug is taken by in-
halation, orally, intranasally (snorted), and intravenously. Know-
ing what we now know, would any of us who were involved with the
early pharmacological birth and development of phencyclidine have
ventured further? What have we thought?

Depending on the dose and species, phencyclidine is a excitant or
a cataleptoid anesthetic. While it is an anesthetic in man, small
doses cause a rather remarkable psychotomimetic picture. Emergence
delirium is often seen. Phencyclidine and related compounds have
been called cataleptoid and or sympathomimetic anesthetics. Dur-
ing induction the patient often feels dissociated from his environ-
ment with analgesia and some amnesia.

A related congener of phencyclidine is ketamine, a valuable anes-
thetic agent used therapeutically throughout the world. Its anes-
thetic properties in humans were first described as representing
a new class of "dissociative" anesthetics because of its unique
pharmacological actions (Domino, Chodoff, and Corssen 1965; Corssen
and Domino 1966). During anesthesia, the patient may keep his
eyes open and seems "disconnected" from the environment. It seems
as if higher associational functions of the brain are markedly
depressed, a clinical impression for which there is some human
and animal physiologic data (Corssen, Miyaska, and Domino 1968;
Miyasaka and Domino 1968; Corssen, Domino, and Bree 1969; Winters
1972). During emergence from dissociative anesthesia, the patient
may go through a phase of vivid dreaming with and without psycho-
motor activity, manifested by confusion and irrational behavior.

Chemically, phencyclidine, ketamine and related compounds are
arylcyclohexylamines. While they have somewhat similar pharma-
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cological actions, they also have important differences,both
quantitatively and qualitatively. The major pharmacological
properties of these agents can be summarized as follows:

1. Central nervous systan
a. Small doses produce a "drunken" state with numbness of
the extremities; saw species are excited.
b. Moderate doses are analgesic and anesthetic.
C. The psychic state crudely resembles sensory isolation,

except that sensory impulses, if tested electrophysio-
logically, reach the neocortex but the neuronal signals
are grossly distorted.

d. Cataleptoid motor phenomena are seen.

e. barge doses may produce convulsions. This is especially
true of phencyclidine.

f. Marked species differences are present. Primates,espec-

ially man, are most susceptible to the depressant effects
which predominate.
2. Autonomic and cardiovascular system

a. Sympathomimetic.

b. Tachycardia.

C. Hypertension.

d. Potentiation of catecholmines through a cocaine-like
action.

CYCLOHEXYLAMINES ABUSED

To date, at leasts six cyclohexylamines have been either given to
or taken by humans in the context of drug abuse. Their chemical
structures are shown in figure 1.

Kalir et al. (1969) have provided us with the best structure-
activity studies of these compounds to date. Shulgin and MacLean
(1976) have described the illicit synthesis of phencyclidine and
several of its analogs as well as relative potency data of com-
pounds now available on the street.

As described above, the first arylcyclohexylamine studied in man
as a general anesthetic was phencyclidine (Greifenstein et al.
1958). It is longer acting and has stimulant and convulsant prop
erties in man. Ketamine (Ketalar, Ketaject) has more depressant
properties than phencyclidine and is shorter acting. It is used
as a nonbarbiturate anesthetic in man. When phencyclidine 1is
taken by humans, it produces more emergence delirium, in which
some patients show post anesthetic psychiatric complications for
as long as two weeks after a single dose. Although phencyclidine
is no longer used as a general anesthetic in man, it is still a
veryusefulanesthetic in veterinary medicine, especially for
primates (Domino, McCarthy, Deneau 1969).

Widespread use of phencyclidine as a psychedelic agent by the

drug subculture in the United States is now generally acknowledged.
The early warning drug network (DAWN) has emphasized that phen-
cyclidine has been a major drug abuse problem for same time. One
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of the clinical problems associated with phencyclidine overdosage
is that the patients not only may be in coma but they may also
convulse and die of respiratory arrest. The prolonged emergence
delirium is observed in patients who may be psychotic for at

least several weeks or more. This may be due to metabolic or
psychiatric variables such as pre-morbid or borderline schizophrenia.
The clinical toxicology of phencyclidine is of such importance

that an entire issue of Clinical Toxicology in August of 1976

was devoted to it (Burns and Lerner, Guest Editors, 1976).

If one has a vivid imagination, there is a structural relation-
ship between phencyclidine, amphetamines and LSD-25. I have
drawn 2-methoxyamphetamine and phencyclidine to approximate the
A and C rings of LSD-25 as shown below:

M3 H
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/ —
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2-Methoxyamphetamine Phencyclidine

NEUROCHEMISTRY

The most recent review of the neurochemical pharmacology of phen-
cyclidine is by Johnson in this monograph. Our own interests in
this area may provide an additional point of view and will be an
update of our own brief review (Domino and Luby 1973).

A. Monoamines, Especially Catecholamines and Serotonin.

Because of the structural similarities, one would expect phency-
clidine to interact with the monoamines in the body, especially
the catecholamines (CA) and 5-hydroxytryptamine (5-HT). Chen and
his associates (1959) compared the sympathomimetic effects of
phencyclidine with cocaine and desoxyephedrine. They concluded
that it had similarities to both drugs, especially cocaine.
0'Donnell and Wanstall (1968) studied the action of phencyclidine
on the perfused rabbit ear. They postulated that phencyclidine
inhibited the uptake of both norepinephrine (NE) and tyramine by
adrenergic neurons in a manner similar to that of cocaine. High
concentrations of phencyclidine (Ki = 1.5 x 10 M) like many
other psychotropic drugs, inhibit monoamine oxidase (MAO) activity
but this does not appear to be significant in relation to its

in vivo actions (Usdin and Usdin 1961).

The effects of phencyclidine on the pressor responses to norepine-
phrine (NE), epinephrine (EPI), and serotonin (5-HT) in the pento-
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barbital-anesthetizeddog are consistent with a cocaine-like
action as illustrated in figure 2 below.

Note that 0.5 mg/kg of i.v. phencyclidine itself produces an
initial transient hypertensive response which is probably related
to peripheral CA release. Ketamine produces a similar hyperten-
sive response but apparently has less of a cocaine-like potenti-
ating action than phencyclidine.

Tonge and Leonard (1969) compared the effects of phencyclidine,
Ditran, mescaline and LSD-25 on rat brain 5-HT, 5-hydroxyindole-
acetic acid (5-HIAA), MAO and aromatic amino acid decarboxylase
activity. All four drugs in doses larger than those heeded for
behavioral effects increased brain 5-HT and decreased 5-HIAA over
a three hour period. Phencyclidine reduced 5-HT depletion after
reserpine and para-chlorophenylalanine. It had no effect on the
associated 5-HT enzymes. Tonge (1971) later pointed out that
this effect was dependent on the source of rats. Tonge and
Leonard (1970) found a small reduction in brain and plasma try-
ptophan levels after a small dose of phencyclidine. A parallel
study of these same investigators (Leonard and Tonge 1969) showed
that all four drugs decreased rat brain NE and slightly elevated
brain dopamine (DA). The fall in brain NE paralleled the time
course in the rise in 5-HT. Phencyclidine increased the degree
of depletion of NE by reserpine. All four psychototmimetic agents
increased the depletion of NE and DA by alpha-methyl-metatyrosine,
but strangely had no effect on depletion of these catecholamines
by alpha-methyl-paratyrosine. Normetanephrine brain levels were
unaffected by phencyclidine and LSD-25 or were decreased slightly
by Ditran and mescaline, indicating that the decrease in NE was
not due to enhanced release. Their assay for normetanephrine

was not very sensitive. In a subsequent study, phencyclidine was
shown to reduce normetanephrine levels in the fore- and hindbrain,
indicating decreased NE release from adrenergic neurons (Tonge
and Leonard 1972). Brain and plasma tyrosine are elevated after
a small dose of phencyclidine (Tonge and Leonard 1970). In the
mouse, Hitzemann, Loh, and Domino (1973) showed decreased 14.
and 14, levels after an intracerebral injection of 14.-tyrosine
after phencyclidine. An increase in 14, ;-methoxytyramine and
l4.-normetanephrine was noted. In the mouse striatum phencyclidine
does not significantly change homovanillic acid levels (Sharman
1966) .

Sung, Frederickson, and Holtzman (1973) have shown that 40 mg/kg
of ketamime increased the turnover of DA and decreased the turn-
over of 5-HT in rat brain four to six hours postinjection, al-
though the behavioral effects lasted only two to three hours.

The cocaine-like actions of phencyclidine have also been reported
for ketamine. Miletich et al. (1973) have shown that ketamine
prevents the neuronal reuptake of NE in rat heart.

Leonard and Tonge (1968, 1970) looked at other putative neuro-

transmitters in the rat brain following phencyclidine. They found
no changes in whole brain acetylcholine, cholinesterase and
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histamine. However, a high dose of phencyclidine decreased brain
GABA They also found an increase in 5-hydroxytryptamine decar-
boxylase activity. In a preliminary study, Tonge (1973) found
that chronic phencyclidine during the pre- and post-neonatal
periods produced elevated 5-HT levels in the rat hypothalamus
and pons-medulla.

B. Acetylcholine

There have not been enough studies on the complex effects of the
arylcyclohexylamines on the cholinergic system. In vitro phency-
clidine (5 x 107°M) inhibits primate serum cholinesterase using
benzoylcholine as substrate (Becker 1969). In humans, the usual
and fluoride variants of serum cholinesterase are inhibited by
phencyclidine whereas the dibucaine variant shows increased resis-
tance. This differential inhibition suggests that phencyclidine
is useful in estimating human genotypes for cholinesterase. Appar-
ently, phencyclidine and acetylcholine have similar charge distri-
butions in relation to muscarinic cholinergic receptors (Weinstein
et al. 1973; Paster et al. 1974; Maayani et al. 1974). This would
account for phencyclidine having an atropine-like effect. However,
phencyclidine not only inhibits serum or butyrylcholinesterase,

it also inhibits acetylcholinesterase with a larger Ki (about 80
times greater). These mixed agonist and antagonist actions of
phencyclidine tend to antagonize each other. However, the alge-
braic sum of the actions of phencyclidine on guinea pig ileum is
predominantly antagonistic (Maayani et al. 1974). Amazingly, in
mice, scopolamine has been reported to prevent tolerance develop
ment to cyclohexamine (Pinchasi, Maayani and Sokolovsky 1977).
Ketamine is also reported to inhibit both serum butyrylcholines-
terase (Schuh 1975) and brain acetylcholinesterase (Cohen et al.
1974) . Although in large doses phencyclidine has been reported
to elevate slightly brain ACh (Giarman and Pepeu 1962), Leonard
and Tonge (1968, 1970) and Domino and Wilson (1972) have shown
that smaller but behaviorally effective doses do not alter total
ACh levels. Phencyclidine also increases the depletion of rat
brain ACh after hemicholinium-3, suggesting an increased utiliza-
tion of ACh in smaller doses. Like LSD-25, phencyclidine does
not significantly alter the release of ACh fran the cat cerebral
cortex in contrast to the isomers of Ditran, which increase ACh
release, and general anesthetics like pentobarbital which decrease
ACh release (Domino and Bartolini (1972). Ngai, Cheney and Finck
(1978) measured regional ACh and Ch concentrations in the brains
of rats given halothane, enflurane and ketamine as well as the
turnover rate of ACh in vivo. ACh concentrations in wvarious
brain areas did not change during anesthesia with any of the
anesthetics studied. This is noteworthy in itself because keta-
mine in vitro is a cholinesterase inhibitor (see above). Yet

in vivo steady state levels of ACh were not elevated, as would

be expected. During anesthesia with ketamine, ACh turnover rates
were reduced in the caudate nucleus and hippocampus, but not in
the cerebral cortex, thalamus and hypothalamus. Halothane de-
creased ACh turnover in all of the brain regions while enflurane
only decreased ACh turnover in the cortex. These investigators
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felt that the changes in ACh turnover were related to known anes-
thetic-induced electrophysiologic changes in cortical and sub-
cortical structures.

C. Energy production

Phencyclidine has still other effects on the enzymes involved
with energy production. 1In vitro phencyclidine (5 x 107'M) is
an uncoupler of oxidative phosphorylation (Lees 1962, 1968). The
drug in vitro increased rat liver mitochondrial respiration in
low concentrations and depressed it in high concentrations.
ATPase activity was stimulated and the inorganic phosphate-ATP
exchange reaction inhibited. These in vitro effects of phen-
cyclidine onrespiration, ATPase activity,and the inorganic
phosphate-ATP exchange reaction were crudely similar to-those
of chlorpromazine except higher concentrations of phencyclidine
were required. Only in even greater concentrations was the drug
inhibitory.

NEUROPHYSIOLOGY

It is clear that phencyclidine produces its own unique EEG; changes
in nomal humans. Van Meter, Owens and Hinwich (1960) using rab-
bits provided evidence that phencyclidine acts on the cerebral
cortex. Our own studies (Domino 1964; Miyasaka and Domino 1968)
also implicate a thalamo-cortical action of phencyclidine and its
congener, ketamine. Adey and Dunlop (1960) have pointed out

that phencyclidine and cyclohexamine in cats suppresses or
seriously interferes with learned approach in a T-maze situation.
This was correlated with EEG; spikes and abolition of normal hippo-
campal activity. After these drugs stimulation of the thalmic
nucleus ventralis anterior failed to elicit nomal hippocamal
theta wave activity. Drug-induced changes in the reticulo-corti-
cal system were also seen, but the hippocampal changes were
especially apparent. Winters et al. (1967) compared the EEG;
effects of phencyclidine in cats with other general anesthetics.
They suggested that hallucinatory and epileptoid phenomena as
well as general anesthesia were in part a continuum with reticular,
thalamic, cortical and hippocampal alterations, depending upon
the class of drugs studied. Winters and Ferrar-Allado (1972)
showed that ketamine induced a catatonic state in cats which was
accompanied by intermittent or continuous hypersynchronous dis-
charges from the cortex, limbic structures and the medial genicu-
late nucleus. An especially provocative viewpoint was expressed
by Winters (1972) When he suggested ketamine was causing epilepsy
instead of anesthesia in man. This point of view has been criti-
cized by Corssen, Little, and Tavakoli (1974) and Domino (1974).
Nevertheless, Winters and his colleagues have documented exten-
sively the stimulant and convulsive properties of both phen-
cyclidine and ketamine, especially in animals. There is no ques-
tion that given enough of each of these substances in an appropri-
ate species, convulsions are seen. This is well documented in
human overdosage With phencyclidine in particular. The extensive
studies of Winters as well as a review of the literature on the
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neuropharmacology of anesthetics were recently summarized by him
(Winters 1976).

Phencyclidine effects on the EEG; of chronic schizophrenics, both
lobotomized and not, were studied by Itil et al. (1967). While
the two groups showed symptoms to 0.05 mg/kg of phencyclidine
given over a 5 minute period, the lobotomized patients showed
much less alteration to both clinical symptoms and the alpha
frequency decrease in the EEG. These investigators concluded
that the inability of lobotomized patients to exhibit marked
phencyclidine effectsin comparison to the nonlobotamized patients
was Dbecause thalamcortical integrative mechanisms are necessary
to produce typical phencyclidine responses. Fink (1969) reviewed
the effects of phencyclidine along with many other psychoactive
compounds on the human EEG. Stockard et al. (1975) have reported
that the unusual delta wave activity followed by low voltage fast
wave activity we have previously reported in the monkey was ob-
served in a 25 year old male patient who inhaled a rather large
amount of "angel dust." His serum phencyclidine levels were
reported as being 0.34 pg/ml. These investigators reported simi-
lar EEG; changes due to 2 to 4 mg/kg of ketamine given intra-
venously. They suggested that these EEG manifestations of
diffuse monorhythmic theta activity with superimposed periodic
events should raise the suspicion of cyclohexylamine intoxication
in comas of unknown etiology. It is not known if the other cyclo-
hexylamines besides phencyclidine and ketamine produce similar
EEG manifestations and whether these are correlated with plasma
levels.

BEHAVIORAL STUDIES

The meager animal and human behavioral studies available until

a few years ago were reviewed by us previously (Domino 1964;

Domino and Luby 1973). Since then, the behavioral pharmacology

of phencyclidine has been reviewed by Balster and Chait (1976)

and again very recently (Balster and Chait, this monograph). Es-
pecially important is the evidence that both phencyclidine (Balster
and Johanson 1973; Pickens, Thanpson and Muchow 1973) and ketamine
(Moreton et al. 1977) are self-administered by animals. In addi-
tion, drug discrimination studies indicate that phencyclidine,
cyclohexamine, and ketamine belong to a class of their own for
they do nBot transfer stimulus control to morphine, chloropromazine,
Ditran, A°-tetrahydrocannabinol or pentobarbital. It is especially
important to know whether in low dosage there is stimulus generali-
zation of phencyclidine to cocaine and amphetamine-like drugs and
in larger dosage to general anesthetics including nitrous oxide,
halothane and convulsants like phentylenetetrazol. Whether the
technical behavioral problems can be solved remains to be seen.

One extensive locomotor activity study using 5 mg/kg i.p. of
phencyclidine has been reported by Kanner et al. (1975). It was
previously known that phencyclidine produces increased locomotor
activity in mice which can be augmented by pretreatment with
iproniazide (Chen et al. 1959). Phencyclidine also enhances motor
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activity in rats. Kanner et al. found that pretreatment with alpha-
methyl-paratyrosine (250 mg/kg, 1i.p.) decreased phencyclidine-
elicited activity by 43 percent (p < .05) in one hour. Iproniazid
(100 mg/kg, 1i.p.) increased phencyclidine-elicited activity by

61 percent. Pretreatment with phenoxybenzamine (10 mg/kg, 1i.p.)
decreased phencyclidine-elicited activity by 85 percent (p < .05)
while pretreatment with propranolol (25 mg/kg, i.p.) increased
phencyclidine-elicited activity by 56 percent (p < .05). Pimozide
(I mg/kg, 1i.p.) decreased phencyclidine-elicited activity by 57
percent (p < .05) while haloperidol (0.5 mg/kg) decreased phen-
cyclidine-elicited activity by 90 percent (p < .05). Trihexy-
phenidyl (5 mg/kg, i.p.) and atropine (10 mg/kg, 1i.p.) signifi-
cantly increased phencyclidine-elicited activity by 93 percent
and 43 percent, respectively, while arewline (10 mg/kg, i.p.) and
physostigmine (0.4 mg/kg, 1i.p.) decreased phencyclidine-elicited
activity by 23 percent and 61 percent, respectively. Their data
indicate that the stimulation of locmotor activity produced by
phencyclidine can be influenced by noradrenergic, dopaminergic,
and cholinergic inputs. The major criticism of this kind of re-
search is that most agonists and antagonists are known to alter
rat locomotor activity. Hence, interpretation of such findings
is must difficult and probably not very rewarding fran a thera-
peutic point of view.

Perhaps the most important behavioral study that must be done is

to answer the question, why do animals and people take these drugs?
Why is it reinforcing to mimic the primary symptoms of schizophrenia,
to be in coma, convulse, and maybe die from overdosage? I cannot
imagine that being a "parsley monster" or being "crystalized" is
really very wonderful.

BIOTRANSFORMATION AND PHARMACOLOGICAL ACTIVITY OF METABOLITES

The biotransformation of phencyclidine is just beginning to be
understood. Some of the proposed matabolites of phencyclidine
are shown in figure 3 below.
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Lin et al. (1975) have described some of the metabolities of phen-
cyclidine they found in urine of intoxicated human patients. Two
conjugated hydroxylated compounds were found. These were 1-(1-
phenyl-4-hydroxycyclohexyl)-piperidine (4-OH cyclo PCP) and 1-(1-
phencyl-cyclohexyl)-4-hydroxylpiperidine (4-OH pip PCP). In addi-
tion, a dihydroxylated metabolite tentatively identified as 1-(1-
phencyl-4-hydroxy-cyclohexyl)-4-hydroxy piperidine has been found
in monkey urine. Wong and Biemann (1975) have reported that 1-
phenycyclohexylamine is also a metabolite of phencyclidine in man
and mouse. The findings of Lin et al. are in partial agreement
with those of Ober et al. (1963), who reported that monkeys ex-
crete mainly the dihydroxy metabolite. In their preliminary re-
port, they stated that the dihydroxy metabolite did not have any
phencyclidine activity. Our own studies (Domino 1978) indicate
that both 4-OH cyclo PCP and 4-OH pip PCP have biologic activity
in both the rat and dog. one would expect the hydroxylated de-
rivatives of phencyclidine to be more water soluble and to pene-
trate the blood-brain barrier less. Although these compounds

are less potent than phencyclidine, they apparently cross the
blood-brain barrier in sufficient amounts, for they have important
convulsant components. Hence they may play a role in phencyclidine
overdosage in man. Much more work is obviously needed to deter-
mine not only the detailed biotransformation of phencyclidine but
also the pharmacological properties of its metabolites.

The biotransformation of ketamine is also imcompetely understood.
The scheme proposed by Chang and Glazko (1974) is given in figure
4,

FIGURE 4
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Our own proposed scheme is based on that of Chang and Glazko (1974)
but introduces a further order of complexity, as shown in figure
5.

FIGURE 5
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One should realize how meager is our knowledge of the pharmacology
of each of these proposed metabolites. In most cases, they need
to be synthesized and studied further.

CHEMICAL ANALYSIS

Phencyclidine has been analyzed chemically from biological samples
using both qualitative and quantitative techniques. Thin layer
chromatography, gas chromatography, and gas chromatography-mass
spectrometry and radioimmunoassays have been used. Hawks and
Willette (1977) briefly reviewed these methods with the exception
of the radioimmunoassay procedure developed by Kalir et al. (1976).
The latter seems very pranising but unfortunately, has not attrac-
ted any interest in the United States to date.
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From a practical point of view, the most available quantitative
procedures in the United States at this time involve gas chroma-
tography using a flame ionization detector or combined gas chroma-
tography-mass spectrometry using either electron impact or chemical
ionization. Reynolds (1976) and Marshman, Ramsay, and Sellers
(1976) have employed gas chromatographic techniques for the
quantitative assay of phencyclidine from urine, tissues, and
plasma. Reynolds used ether extraction of the urine with OV-1
and OV-17 GLG columns at a temperature of 180°C. The tissue
and blood samples were prepared with 0.5 N HCl. Mepivicaine was
used as the internal standard. After strong alkalization, phen-
cyclidine was extracted with chloroform and assayed as above.
Marshman, Ramsay, and Sellers used a similar assay except that
ketamine was the internal standard. In addition, 3.8 percent
UCW-98 on Gas Chrom Q at a temperature of 200° C was used. Gupta
et al. (1975) used methadone as the internal standard for phen-
cyclidine in human urine using Chromasorb W coated with Apiezon
L at 200°C. Finkle's gas chromatographic method (quoted by
Hawks and Willette 1977) uses SKF 525A as the internal standard
using a 3 percent OV-1 or OV-17 with a column temperature of 130-
270°C. It should be noted that these investigators all used
column and/or injection port temperatures of 200°C or above. We
know now that phencyclidine undergoes thermal decomposition to 1-
phenylcyclohexene at temperatures above 150°C (Lin et al. 1975;
Wong and Biemann 1975, 1976). These investigators recommend tem-
peratures below 200°C for quantitative purposes.

Obviously, the most specific assays involve the use of gas chro-
matographic-mass spectrometric methods using a stable isotope as
the internal standard (MacLeod, Green and Seet 1976; Pearce 1976;
Lin et al. 1977). We have modified the gas chromatographic-mass
spectrometric chemical ionization assay of Lin et al. (1975) for
electron impact (Wilson and Domino 1978). Phencyclidine was de-
termined by gas chromatography-mass fragmentography in six dogs
and seven monkeys. Aliquots of venous blood were taken over 4
hours in the monkey after 1.1mg/kg and over 24 hours in the dog
after 1.0 mg/kg of phencyclidine, i.v. Pentadeuterated phency-
clidine was used as the internal standard. In the electron impact
mode the most abundant fragments in the mass spectrum of phency-
clidine were m/e 91 and 200, and. 96 and 205 in the deuterated
phencyclidine spectrum. These fragments were used to quantify
the amount of phencyclidine present. In both species, a complex
exponential decline of plasma phencyclidine was found in sane
animals that fit a two or three compartment open model. In monkeys,
the mean biological half life (B phase) was 2.03 hours and in the
dog it was 2.1 hours. Compared to the monkey, the dog exhibited
considerable emergence delirium. The two species had rather dif-
ferent pharmacokinetics, which may be relevant to the observed
differences in degree of anesthesia and recovery.

After our initial analytic successes with phencyclidine, we sub-
sequently developed a highly sensitive and specific method for

quantitation of ketamine and two of its metabolites in dog, mon-
key and human plasma using gas chromatography-mass spectrometry
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operated in both electron impact and chemical ionization modes.
CL-394, the bromo analog of ketamine, was used as the internal
standard. We compared these two assays with the gas chromato-
graphic, electron capture assay of Chang and Glazko (1972). Cur
results were in complete agreement. However, when dealing with
a limited amount of sample, the mass fragmentography assay was
superior. We concluded that the use of gas chromatography, elec-
tron capture for routine plasma analyses was adequate for ketamine
and barely satisfactory for ketamine metabolite I. However, for
ketamine metabolite II mass fragmentography was essential for the
small amounts in plasma. For urine analyses, gas chromatography,
electron capture is quite satisfactory and we recommend it for
routine assays (Lau and Domino 1977).

THERAPEUTIC CONSIDERATIONS OF PHENCYCLIDINE OVERDOSE

In our earlier studies in animals (Domino 1964), it was apparent
that the behavioral effects of phencyclidine were potentiated by
chlorpranazine. Although some of the cardiovascular effects were
antagonized by chlorpromazine, others were not. Hence, chlorpro-
mazine was certainly not useful in treating phencyclidine over-
dosage in man, at least not during the state of acute intoxica-
tion. Our subsequent studies in rat and dog (Domino 1978) in-
dicated that diphenhydramine, droperidol, diazepam, tetrahydro-
aminoacridine (a cholinesterase inhibitor like physostigmine),
physostigmine and scopolamine were not very useful antagonists.
The status of naloxone as an antagonist is confusing at the moment,
for it recently has been shown to antagonize the locomotor stimu-
lant effects of both nitrous oxide and ketamine in mice (Hynes
and Berkowitz 1978) as well as to potentiate the hypersensitivity
effects of phencyclidine on electroshock in rats (Markowitz and
Komestsky 1978).

At present we have no specific antidotes to phencyclidine. Ob-
viously much more needs to be done in this area.

Our development of a quantitative gas chromatographic-mass spec-
trometric assay for both phencyclidine and ketamine led to some
very interesting clinical studies. The first relates to phen-
cyclidine. A number of years ago one of my graduate students,
Lindsay Hough, and my Research Associate, Ann Wilson, decided

to measure the pKa of phencyclidine at room temperature. It
turned out to have a pKa of about 8.5. We really need sameone to
measure again the pKa of this and related compounds. Verbal com-
munications to me of the pKa of phencyclidine have varied from
8.5 to 9.5.

As shown in figure 6 below, the degree of ionization of this com-
pound varies as a function of its pKa and pH.

Pharmacologists for years have stressed the importance of urinary
pH as a functionof the amount of an ionized drug excreted. The
ionized form of a chemical does not readily cross the kidney
tubules unless there is a specific transport system for it. Hence,
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basic drugs are ionized in an acid medium and acidic drugs in an
alkaline medium. The urinary excretion of basic substances such
as nicotine and amphetamines is enhanced in an acid urine and
that of acidic drugs such as the barbiturates in an alkaline
medium. Although urinary acidification is not the treatment of
choice for nicotine or amphetamine poisoning, there is no doubt
that this technique is of value, especially in amphetamine over-
dosage. Hence, this technique should work for phencyclidine.

Our task was to prove it with our new phencyclidine assay. Urinary
samples fran phencyclidine overdosage cases were obtained from
both our own University Hospital in Ann Arbor and from Children's
Hospital in Detroit. An account of our experience with the first
cases from University Hospital was recently published (Domino

and Wilson 1977) and that from Children's Hospital (Done et al.
1977; Aronow and Done 1978; Aronow, Miceli, and Done 1978; Done,
Aronow, and Miceli 1978). There is no doubt that acidification
of the urine results in enhanced phencyclidine levels, as shown
in table 1 for one of our patients from the University Hospital.

FIGURE 6
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TABLE 1

EFFECTS OF pH ON HOURLY URINARY EXCRETION OF PHENCYCLIDINE IN
A COMATOSE PATIENT

Urinary pH Range pH PCP Urine Volume Total PCP
pg/ml ml/hr Excretion
in pg/hr
5.0-5.9 5.3 4,348 300 1304.4
5.8 558 520 290.2
5.6 812 280 227.4
5.7 .799 320 255.7
5.3 .7150 350 262.5
5.4 767 650 498.6
5.5 910 450 409.5
5.7 .426 450 191.7
Mean 5.5 1.171 415 430.0
+ SE .1 1.457 +45 +129.9
6.0-6.9 6.4 2.089 160 334.2
6.4 .863 40 34.5
6.5 .151 1200 181.2
6.0 .223 700 156.1
6.5 .167 550 91.8
6.0 .189 700 132.3
6.0 .255 450 114.8
6.0 .302 675 203.8
Mean 6.2 .503 559 156.1
+ SE +.1 1.237 1127 + 31.6
P Value <.001 NS NS <.06
7.0-7.9 7.5 .026 65 1.7
7.5 .010 60 0.6
7.2 .032 150 4.8
7.3 .036 930 33.5
7.5 .078 570 44.5
7.9 .036 330 11.9
7.9 .034 30 1.0
7.6 .102 670 68.3
Mean 7.5 .044 351 20.8
+ SE .1 £.011 t119 + 8.9
P Value <.001 <.03 NS <.01

Group comparison "t" test of each set of urine values to the most
acid urine (pH 5.0-5.9).
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The patient was comatose for a period of time and had a great

deal of i.v. fluids pushed in order to promote diuresis. In ad-
dition, furosemide was periodically given, which accounts for

the occasional very large urine volumes obtained for the one

hour intervals. All samples were compared to the most acid urine
with a pH 5.0 to 5.9. It is abundantly clear that under acidic
urine conditions more free phencyclidine is excreted. Inaperiod
of 65 hours this patient excreted into the urine 9.46 mg of a
total of 500 mg or 1.9 percent of the phencyclidine ingested.

This suggests that the majority of this drug may be biotransformed
rather than excreted as the free base. Obviously careful quanti-
tative studies must be done in the future.

Aronow and Done believe that urinary acidification is a most
effective therapy of phencyclidine overdosage. There are many
ways to acidify human urine including ammonium chloride, ascorbic
acid, and very dilute i.v. infusion of hydrochloric acid. What
seems crucial is that the pH be at least 3 units away from the

pKa of phencyclidine to achieve 99.9 percent ionization, which
mans a urinary pH of 5.5 or less. This may be difficult to
achieve in some patients, which is why we had to resort to i.v.
techniques to acidify rapidly. Another very important fact is
that the marked skeletal muscle movements that occur during phen-
cyclidine overdosage in man can lead to profound increases in
serum creatinine phosphokinase and myoglobin in the urine. Meltzer,
Nankin, and Raftery (1971) reported that acute schizophrenic pa-
tients showed an increase in serum creatinine phosphokinase. This
is the isoenzyme of skeletal muscle. Phencyclidine in a biphasic
dose relationship markedly enhanced serum creatinine phosphokinase
increases produced by restraint stress in rats (Meltzer 1972).
Similar elevations in serum creatinine phosphokinase have been
observed by us in documented phencyclidine poisonings that have
been accompanied by acute rhabdomyolysis (Cogen et al. 1978). We
believe the skeletal muscle injury to be the result of excessive
involuntary isometric activity rather than a direct effect of

of phencyclidine on skeletal muscle. Our reasoning is that pa-
tients who do not have excessive skeletal muscle contractions but
still have toxic levels of plasma phencyclidine have much less
elevation of their serum creatinine phosphokinase. Skeletal
muscle restraints should not be used in patients with phencyclidine
overdosage unless the patients are very severe threats to them-
selves or others. This impression is supported by the study of
Goode et al. (1977) that limb restraint markedly elevates serum
creatinine phosphokinase and related muscle enzymes in normal
volunteers. It is our crude and preliminary impression that
acidification of the urine may reduce excessive muscular tonus

in phencyclidine overdosage, but this needs to be verified ex-
permentally. What urinary acidification, which is now widely be-
ing used, does to the pharmacological actions of phencyclidine
and its metabolism is unknown.

Diazepam reduces some of the unwanted cardiovascular and emer-

gence phenomena of ketamine when given as a pretreatment (Zsigmond,
Kelsch and Kothary 1976; Kothary and Zsigmond 1976). We have some
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unpublished observations that diazepam may elevate the plasma
levels of ketanine in man. Borondy and Glazko (1977) reported

that diazepam interferes with the biotransformation of ketamine

in the rat. Our dog studies with diazepam (Domino 1978) indicate
that it reduced the convulsions but may have enhanced the central
nervous system depression. Hence, unless convulsions are uncon-
trollable, diazepam would not seem to be indicated in phencyclidine
overdosage.

Until a specific antidote for phencyclidine found, those of
us dealing with overdose cases will have to be satisfied with

symptomatic therapy and urine acidification. However,having

helped in the birth and delivery of this drug, I will not rest
until that specific antagonist is found.
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Chapter 3

Neurochemical Pharmacology of
Phencyclidine

Kenneth M. Johnson, Ph.D.

INTRODUCTION

Phencyclidine (PCP) is an unusual CNS active drug with general anes-
thetic, psychomotor stimulant, sedative-hypnotic, hallucinatory, and
local anesthetic properties. Although PCP is often classed as an
hallucinogen, it does not produce the type of visual hallucination
associated with the use of LSD or mescaline. Instead, the hallucino-
genic activity of PCP is manifested primarily by body image and pro-
prioceptive disturbances often accompanied by thought disorders and
changes in affect. The differences between the effects of PCP and
1LSD are responsible for the classification of PCP as a schizophreni-
mimetic agent.

Although PCP itself is being abused with increasing frequency, its
primary place in the illicit drug market is as an adulterant of
other drugs of abuse. 1In this regard it is the most often encoun-
tered drug in analyses of suspect street drug samples. Because of
its prevalence, PCP ranks very high on the list of drugs thought to
be responsible for drug overdoses. Overdoses of PCP are thought to
account for acute psychotic episodes often lasting two or more
weeks. PCP overdose often challenges the diagnostic abilities of
the clinician, who suffers from lack of a rational pharmacological
basis for treatment. Consequently, often the treatment chosen is
to leave the patient alone and let the drug effect wear off, which
can take days to weeks.

The apparent high abuse liability of PCP and its use as an adulte-
rant of other illicit drugs make it imperative that the scientific
community be aware of the effects of acute and chronic administra-
tion of PCP as well as the mechanism(s) of action underlying these
effects. Most of the known effects PCP administration are appar-
ently mediated through action the CNS. since there is an excel-
lent review of the neurobiological effects of PCP (Domino 1964),

the primary purpose of this paper is to review the results of pre-
vious studies which have measured the effects of PCP administration
on various neurochemical indices of brain function. Deficits in
either methodology or experimental design in these studies will also
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be pointed out. In addition, those areas in which there is no in-
formation currently available will be identified.

EFFECTS OF PCP ON BRAIN NEUROTRANSMITTER SYSTEMS

Many, if not all, psychoactive drugs are believed to exert their
effects by modifying the transmission of neuronal impulses from one
neuron to another. Many neuronal systems have been identified in
the CNS which probably use small chemical molecules as mediators of
neuronal impulse transmission. Alterations in the concentration,
synthesis rate, storage, release, binding, metabolism, and reuptake
Of these neurotransmitters after drug administration have been cor-
related with alterations in the functioning of various neuronal sys-
tems. Information regarding the effects of PCP on these neuro-
chemical indices of neuronal function in animals could be important
in understanding the mechanism of action of this drug, as well as
providing a rationale for treatment of the serious effects often
associated with PCP use by humans.

Effects of PCP on Brain Serotonin (5-hydroxytryptamine)

In 1969 Tonge and Leonard compared the effects of PCP, ditran, mesca-
line, and LSD. At behaviorally effective doses (10 mg/kg, i.p. for
PCP) all four hallucinogens elevated serotonin (5-HT) and depressed
5-hydroxyindoleacetic acid (5-HIAA) concentrations in the whole
brain of rats. Brain 5-HT concentrations were highest 10 min. after
PCP administration and remained elevated throughout the course of
the experiment (3 hours). grain 5-HIAA levels were significantly
lower than controls 20 and 40 minutes after PCP administration, but
were higher than controls 100 and 180 minutes following PCP. It is
possible, then that PCP caused a decrease and then a compensatory
increase in 5-HT turnover. The method used in this study for
assessing turnover prevented the assessment of this possibility. In
this study turnover was assessed by following the decline of brain
5-HT after inhibiting its synthesis with p-chlorophenylalanine (PCPA).
Control rats were injected with PCPA at time zero and sacrificied
either immediately or nine hours later. Experimental animals also
received PCP at time zero and were injected with PCP 0, 3, and 6
hours after PCPA and were sacrificed 9 hours after PCPA. The data
thus obtained were used to support the hypothesis that PCP reduced
theturnoverof 5-HT. Although this may indeed be the case, it 1is
difficult to conclude this fran data collected at two time points.
These investigators also observed that PCP had no effect upon two
enzymes involved in the synthesis (aromatic amino acid decarboxylase)
and metabolism(monoamine oxidase) of 5-HT. I am unaware of any
studies which have assessed either the effect of PCP on 5-HT turn-
over directly (without disturbing the steady-state) or of any which
measured the effect of PCP on the first enzyme involved in the bio-
synthesis of 5-HT, tryptophan hydroxylase. These studies clearly
need to be done in order to clarify the effects of PCP on serotoner-
gic systems.

It is now fairly well established that brain 5-HT synthesis is
dependent upon tryptophan availability since tryptophan hydroxylase
is apparently not saturated with substrate (Eccleston et al. 1965).
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In this regard, PCP has been shown to reduce the concentration of
both plasma and brain tryptophan about 20 percent (Tonge and Leonard
1970). If 5-HT. synthesis is indeed dependent on brain tryptophan,
then 5-HT levels would be decreased rather than increased as these
investigators previously indicated (Tonge and Leonard 1969). It is
possible, however, that PCP may actually increase the pool of free
tryptophan in plasma (i.e., not bound to plasma albumin) available
for transport into the brain by competing with tryptophan for
albumin binding sites, as other drugs have been shown to do (Gessa
and Tagliamonte 1974). This possibility has not been addressed.

In another study, Tonge and Leonard (1972) showed that PCP adminis-
tration to rats at a dose (10 mg/kg) comparable to that used in their
1969 study, produced the opposite effects on 5-HT and 5-HIAA, i.e.,
5-HT levels were reduced and 5-HIAA levels were elevated. To further
confuse the issue, Tonge (1971) reported that PCP produced the
opposite effect on 5-HT and 5-HIAA on populations of Wistar rats
obtained from different sources. Using the 5-HIAA/5-HT ratio as

an index of serotonergic activity, PCP decreases the turnover of
5-HT in the substrain with the higher 5-HIAA/5HT ratio while
increasing the 5-HT turnover in the strain with the lower 5-HIAA/
5-HT ratio. Because of the suggestive nature of the foregoing
studies with PCP and the proposed role of 5-HT in emotional and
psychotic behavior, it is felt that a detailed biochemical study of
the effects of PCP on serotonergic function is warranted. It should
be noted here that ketamine (a structural analog of PCP) produced
either no effect or a slight increase in rat brain 5-HT levels,
depending upon the dose administered (Sung et al. 1973). These
authors showed a significant decrease in 5-HT turnover, as deter-
mined by the method of following the rate of increase in 5-HT after
inhibition of its metabolism with pargyline.

Effects of PCP on Brain Catecholamines

Tyrosine, a precursor for both dopamine (DA) and norepinephrine (NE)
synthesis, has been proposed to exert some regulatory influence on
the synthesis of catecholamines (Wurtman et al. 1974). Tonge and
Leonard (1970) have shown that rat brain tyrosine levels were ele-
vated 30 to 40 percent after the administration of PCP. Plasma
tyrosine levels, however, were little affected.

In an expeﬁimental design which employed the conversion of 14C—tyro—
sine into ~'C-catecholamine, Hitzeman et al. (1973) reported that
RFP resulted in significant decreases in the amount of "c-pA and
C-NE synthesized, whereas tlgle accumulation of the O-methylated
metabolites of DA and NE ( C-3-methoxytryamine and ~C-normethan-
ephrine, respectively) appeared to be increased over control. How-
ever, when Yc-poPA was used as the precursor, no effect of PCP was
observed. It was then concluded that PCP probably acts at the level
of tyrosine hydroxylase (the enzyme which converts tyrosine to DOPA).
Unfortunately, these authors neglected to measure the specific activ-
ity of tyrosine. dopamine and norepinephrine. In light of the
report by Tonge and Leonard that PCP elevates brain tyrosine, it is
entirely possible that these results are the artifactual consequence
of a diluted precursor specific activity, rather than an actual
decrease in synthesis. The increase in accumulation of the O-methy-
lated metabolites observed suggest that PCP either increases the
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release or decreases the reuptake of the catecholamines from the
extraneuronal space, However, it should be noted that the presumed
extreneuronal localization of catechol-O-methyltransferase is pres-
ently under dispute.

In a study similar to their study of the effects of PCP on serotonin,
Leonard and Tonge (1969) described the effects of PCP on DA and NE.
They report that 10 mg/kg PCP produced a substantial decrease in
whole brain NE concentration, no charge in normethanephrine, and a
slight increase in DA levels. Whereas previously it was demonstrated
that PCP protected against reserpine-induced serotonin depletion,

in this study PCP was found to potentiate the reserpine-induced
depletion of NE. PCP was found to have no effect on the turnover
of NE as estimated by inhibiting its synthesis with a-methyl-p-
tyrosine (a~-MPT) and measuring NE levels at 0 and 3 hours after a-
MPT. As was the case with the studies of the effects of PCP on
serotonin neurochemistry, the ones on catecholamine neurochemistry
suggest that a more rigorous approach would yield less ambiguous
data and allow a more meaningful interpretation of the effects of
PCP on catecholamine function.

In spite of the studies just discussed which suggest that PCP my
have little or no effect on DA or NE function, there are several
studies which suggest there may be profound effects of PCP on both
of these systems Taube et al. (1975) reported that PCP inhibited
the uptake of *H-NE by rat cortical slices by 50 percent at 5 x 10°°
M. Interestingly, ketamine was about 100 times less potent. This
effect of PCP on NE uptake was verified by Garvey and Heath (1976)
who used a synaptosomal preparation. These workers demonstrated
that PCP is a competitive inhibitor of both ’H- NE uptake by hypo-
thalamic synaptosomes (Ki = 4.7 x 10 M) and of °H-DA uptake by
striatal synaptosomes (KI = 4 x 10 M). Very recently these obser-
vations were verified and the 1list of putative neurotransmitters
whose synaptosomal uptake is competitively inhibited by PCP was
extended to include serotonin (Smith et al. 1977). Ketamine has
been shown to be a much weaker competitive inhibitor of synaptosomal
uptake of *H-NE (Smith et al. 1975).

Another interesting study which suggests the involvement of DA in
the action of PCP utilized the turning behavior of rats after uni-
lateral electrolytic lesions of the substantia nigra (Finnegan,
Kanner, and Meltzer 1976). These authors found that PCP produced a
dose-related increase (maximal at 10 mg/kg) in ipsilateral rotation.
This effect was attenuated by o-MPT and haloperidol (a DA antagonist),
thereby suggesting that this action of PCP is mediated by DA. Un-
fortunately, in contrast to turning behavior after unilateral 6-
hydroxydopamine lesions, this model apparently does not distinguish
between presynaptic and postsynaptic drug actions (Costall and
Naylor 1971). A cholinergic component of this action of PCP was
also identified by the observation that the ipsilateral turning was
blocked by the cholinomimetic drug arecoline and was slightly poten-
tiated by the anticholinergic agent trihexyphenidyl. There is con-
siderable evidence that turning behavior (as well as other functions
mediated by the striatum) is requlated by a reciprocal relationship
between dopaminergic neurons and cholinergic neurons. For example,
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both direct and indirect dopaminergic agents and anticholinergic
agents can induce ipsilateral rotation in this model. Thus PCP may
induce rotational behavior by potentiating dopaminergic transmission,
by blocking cholinergic transmission, or both.

Effects of PCP on Acetylcholine (ACh)

There has bee-n surprisingly little work done on the effects of PCP
on central cholinergic systems, despite the ample evidence obtained
in vitro that PCP both antagonizes the ACh receptor and has potent
antiacetylcholinesterase activity. One research group from Israel
has presented both theoretical and experimental evidence that PCP
and ACh have a very similar electrostatic charge distribution pattern
when they are considered in the vicinity of the muscarinic receptor
(Weinstein et al. 1973; Paster et al. 1974; Maayani et al. 1974).
PCP, however, appears to be an antagonist of ACh in the isolated
frog rectus abdominis and gquinea pig ileum preparations, rather than
an agonist. This group has proposed theoretical considerations to
account for the antagonistic activity based upon the cyclohexyl
ring-induced rigidity of the molecule. Maayani et al. (1974) also
demonstrated that PCP competitively inhibits butyrylcholinesterase
(Ki = 1 x 10°M) and acetylcholinesterase (Ki = 80 x 107°M). The
ACh antagonist and anticholinesterase activities would, of course,
tend to offset each other. The overall activity of PCP tends to be
anticholinergic, however, as evidenced by the observation that PCP-
induced anesthesia in the quinea pig and hyperactivity in the muse
were both significantly antagonized by tacrine, a potent anticholin-
esterase (Maayani et al. 1974). Recently this group of investiga-
tors reported that scopolamine blocked the development of tolerance
in mice to the effects of cyclohexamine, a structural analog of PCP
(Pinchasi et al. 1977). In contrast, ketamine was shown to produce
a relatively weak reversible mix inhibition of acetylcholinesterase
from beef caudate (Ki = 500 x 10_6M) (Cohen et al. 1974). It is
unclear whether or not this concentration is physiologically signi-
ficant since the slight (25 percent) increase in whole brain ACh
levels observed by these authors was found to last less than ten
minutes. In a study utilizing a cholinergic antisynthesis agent
(hemicholinium-3), Domino and Wilson (1972) reported that PCP (10
mg/kg) slightly increases the turnover of ACh but is without effect
on the whole brain levels of ACh. Leonard and Tonge (1970) also
observed no effect of PCP on whole brain levels. These authors also
failed to observe any change in brain cholinesterase activity fol-
lowing the administration of PCP (10 mg/kg).

It is now evident that the synthesis of ACh is dependent upon the
high-affinity, sodium-dependent uptake of choline (Yamamura and
Snyder 1973; Haga and Noda 1973). An altered choline uptake could
conceivably play a role in the cholinergic effect of PCP. To my
knowledge no one has studied the effects of PCP on this system.

Effects of PCP on Other Biochemical Parameters

Tonge and Leonard (1970) found that PCP (10 mg/kg) resulted in no
change of whole brain levels of histamine or glutamic acid. However,
they did detect a decrease in whole brain concentration of y-amino-
butyric acid (GABA) which persisted for two hours after PCP injection.
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They observed no effect on GABA after 3 mg/kg of PCP. Interestingly,
ketamine has been demonstrated to competitively inhibit glutamate
decarboxylase in vitro, but to produce no change in either brain
glutamate or GABA levels when administered in vivo (Dye and Taberner
1975) .

There are several other studies documenting effects of PCP on keta-
mine on a wide variety of biochemical parameters which may be rele-
vant to this review. I will briefly describe two of them. Some
studies have previously demonstrated that subgroups of psychotic
patients of all diagnostic types exhibit increased serum levels of
type IIT (skeletal muscle) isoenzyme of creatinine phosphokinase
(Meltzer et al. 1971). Interestingly, phencyclidine, in a biphasic
dose-response fashion, significantly enhanced the increase in serum
creatinine phosphokinase levels produced by restraint stress (Meltzer
1972). The magnitude of this effect was rather dramatic in male
Sprague-Dawley rats, but not at all evident in guinea pigs. The sig-
nificance of these studies is uncertain, but at the very least they
emphasize that the effects of PCP varies markedly between species.

Anesthetic doses of ketamine have been demonstrated to elicit an
increase in rat plasma corticosterone levels similar to that pro-
duced by a pharmacological dose of ACTH (Fahringer et al. 1974).

This response to ketamine was blocked by hypophysectomy and adminis-
tration of dexamethasone, and partially blocked by propranolol and
haloperidol, but not by atropine or phentolamine. Aside from sup-
porting the notion that this response may be mediated by B-adrenergic
or dopaminergic systems, it brings up the possibility that PCP may
also elicit a similar corticosterone response. In light of the
observation that tryptophan hydroxylase activity can be increased

by corticosterone treatment (Azmitia and McEwen 1969), it is possible
that some of the effects of PCP on the serotonergic system may be
mediated by this pituitary-adrenal response.

SUMMARY

In view of the diverse pharmacological spectrum of PCP, it is unlikely
that the effects of PCP are caused by an alteration in the function
of a single neurotramsmitter. Previous studies have suggested that
the central biogenic amines, 5-HT, DA and NE, as well as ACh and
GABA may be involved either directly or indirectly with the mechan-
ism(s) underlying the behavioral effects of PCP. The information
currently available on the neuropharmacological actions of PCP is
found to be deficient in many respects. In spite of the several
studies which have examined the effects of PCP on neurotransmitter
substances in the brain, relatively little is known in an unambigous
my. Most of those studies used whole brain for analysis of neuro-
transmitter concentration. Increases, decreases, or no change in

a neurotransmitter concentration for whole brain reveals little or
nothing about the functional aspects of the particular neurotrans-
mitter. Interpretation of many of these studies was made extremely
difficult by the concomitant use of relatively nonspecific drugs
such as tetrabenazine, reserpine, imipramine, etc. Many of these
studies failed to correlate their findings temporally with behavioral
activity and almost all of these studies neglected to establish a
basic dose-response relationship for the observed effect. Further-
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more, the effects of chronic administration of PCP, heretofore, have
been totally neglected in regard to neurochemical studies. In sum-
mary, these studies have only suggested that 5-HT, DA, NE, ACh, and
GABA may be involved in sane way in the mediation of the behavioral
effects produced by PCP.

As can be seen from the foregoing review of the state of knowledge
on the neurochemical pharmacology of PCP is in its infancy. It is
felt that future research in this area can provide valuable informa-
tion about the mechanism(s) of action of PCP only if each neuro-
chemical variable is examined as a function of both dose and time
and then correlated with the behavioral effects of the drug. In
addition to measuring the effects of PCP on neurotransmitter concen-
tration in discrete brain areas, future studies should not neglect
to measure the concentration of neurotransmitter precursors and
metabolites. In addition, techniques for determining the turnover
of neurotransmitter pools are available Which do not disturb the
existing steady-state of the neurotransmitter. It is felt that the
proper utilization of such techniques would result in a significant
increase in our understanding of the way this important and interes-
ting drug affects the CNS.
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Chapter 4

The Behavioral Effects of
Phencyclidine in Animals

Robert L. Balster, Ph.D., and Larry D. Chait

INTRODUCTION

Study of the behavioral pharmacology of phencyclidine (PCP) has
accelerated concurrently with the increased public health concerns
associated with its illicit use. Some important aspects of the
pharmacology of this unusual compound have been revealed by this
research, although there remain many more questions than answers.
At the conclusion of this paper we will point out some of the
future directions which behavioral research with PCP might profit-
ably take. Before doing this, we will describe the current status
of knowledge of the behavioral effects of this drug, focusing on
research which has appeared since the two previous reviews of this
area (Domino 1964; Balster and Chait 1976) and on recent research
in our laboratory. Our research has recently been most concerned
with two aspects of the behavioral effects of PCP: tolerance
development and interactions between PCP and other drugs. Before
reporting our results on these two topics, we will briefly sum-
marize some of the important results of prior behavioral work
with this drug.

SPECIES DIFFERENCES IN THE BEHAVIORAL EFFECTS OF PCP

One of the most interesting aspects of the behavioral pharmacology
of PCP is the obvious species differences in its gross behavioral
effects. These differences were noted in the early preclinical
studies of PCP by Chen and his coworkers (1959) and are con-
sistently seen in our laboratory. In rats and mice, PCP produces
behavioral effects qualitatively similar to those of psychomotor
stimulants such as the amphetamines. In rats, for example,
intraperitoneal doses above 3 mg/kg produce increased motor ac-
tivity, while doses between 5 and 10 mg/kg result in repetitive
movements, including cage circling, side to side head movements,
and repetitive sniffing not unlike the stereotyped behaviors seen
with stimulant administration in this species. These behaviors
differ from the effects of stimulants, however, in that the
animals also are markedly ataxic. A similar constellation of
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behavioral effects occurs in mice, although mice are, if anything,
more stimulated. At intraperitoneal doses above 3 mg/kg they
race around the cage, and in the range of 10 mg/kg they run off
the edge of any flat surface they are placed on. Convulsions

are not uncommon at doses above 20 mg/kg. In our experience,
there is no dose of PCP which will produce anything resembling
surgical anesthesia in the mouse.

The amphetamine-like properties of PCP in mice have also been
seen in schedule-controlled behavior. Wenger and Dews (1976)
compared the effects of PCP to the effects of d-amphetamine,
pentobarbital and ketamine using a multiple fixed interval fixed
ratio (mult. FI-FR) schedule of food reinforcement. The effects
of PCP were qualitatively more similar to those of d-amphetamine
than pentobarbital in that at some dose both PCP and d-amphetamine
increased FI response rate and decreased FR response rate. 1In-
terestingly, the effects of ketamine were also very similar to
PCP and d-amphetamine. A very similar effect of PCP and ketamine
on mult. FI-FR performance has also been reported in the pigeon
(Wenger  1976) .

Chen et al. (1959) reported that the effects of PCP were different
in the guinea pig than in the mouse and rat. Only "calming"
effects were seen until cataleptoid or convulsant doses were
reached. We, on the other hand, have seen more typical rodent-
like effects of PCP in the guinea pig. Intraperitoneal doses

in the range of 2 to 4 mg/kg result in increased movement in the
normally sedentary guinea pig. At the higher doses repetitive
movements can be seen, and ataxia also occurs. One animal ex-
hibited obstinate progression, a continuation of walking move-
ments after reaching the cage wall. 1In a pilot study, PCP in-
creased motor activity of guinea pigs in a circular runway appara-
tus (Kenneth M. Johnson, personal communication)

In rodents, PCP shares other pharmacological properties with
psychomotor stimulants. Like methamphetamine and cocaine, PCP
increases blood pressure, promotes urination, and decreases
electrically induced tonic extensor seizures (Chen, Ensor, and
Bohner 1965). In short, PCP looks a great deal like a sympatho-
mimetic which produces ataxia when studied. in rodent species.
This similarity of PCP to stimulants led us to suspect that PCP
may enhance the behavioral effects of amphetamine in rats. We
have found this to be the case (Balster and Chait 1978) and will
describe these results in more detail later in this paper.

The gross behavioral effects of PCP in subhuman primates are
substantially different from those we described for rodents. In
the rhesus monkey, for example, intramuscular doses between 0.2
and 0.4 mg/kg produce mild ataxia and a calming effect. Normally
agressive monkeys became easier to handle. Signs of repetitive
or stereotyped behaviors are not seen. At doses above 0.8 mg/kg
the animals are cataleptic. Nystagmus is frequently seen, and
occassionally marked salivation occurs. Although the monkeys are
immobile, they may show exaggerated limb and mouth movements,
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their eyes remain open and most reflexes remain intact. The
animals, however, are unresponsive to enviromental events. The
sequences of unresponsiveness, gross ataxia, motor restlessness
and nystagus is very similar to the effect of large doses in
humans.

The gross behavioral effects of PCP in squirrel monkeys are
qualitatively similar. Squirrel monkeys, however, are somewhat
more sensitive to the effects of PCP on motor coordination. For
example, an intramuscular dose of 0.2 mg/kg in the rhesus

monkey produces marginal gross behavioral effects. Slight ataxia
is seen but the animals are able to grasp objects between their
fingers and maintain normal posture with little difficulty. In
the squirrel monkey, an even lower dose (0.16 mg/kg/ intramuscu-
larly) producesmarkedincoordination, inability to grasp objects,
and inability to sit on their perch without support. In general
the effects of PCP in monkeys are quite reliable from animal to
animal. We have, however, observed one rhesus monkey who was
quite insensitive to the effects of PCP, always requiring doses
at least three times higher than normal to produce sedation ade-
quate for handling. We are unable to explain this insensitivity,
but it suggests that there are substantial individual differences
to the effects of PCP can occur.

In spite of the differences between the effects of PCP on gross
behavior of rodents and monkeys, 1its effects on schedule controlled
operant behavior appear qualitatively similar. There has been

no systematic research comparing the effects of PCP on operant
behavior in various species, but some generalizations can be

made based on studies using similar schedules in different labora-
tories. The most consistent finding so far is that PCP produces
a rate dependent effect on fixed interval performance in mice,
pigeons and squirrel monkeys (Wenger and Dews 1976; Wenger 1976;
Chait and Balster 1978a). Low rates of responding during the
early portions of each interval tend to be increased by PCP,
whereas higher rates during the later portions of each interval
tend to be decreased. During the fixed interval component of
complex schedules in mice, pigeons, and squirrel monkeys, overall
response rate increases can be seen at low doses. These in-
creases are considerably more dramatic in the mouse than in the
pigeon or squirrel monkey, even though average baseline rates

in all three species were comparable (0.56 to 0.74 responses/sec.).
PCP produces only dose related decreases in fixed ratio response
rates in all three species. Although the parameters in these
experiments differed somewhat, rough estimates can be made of
relative potency of PCP for disruption of fixed ratio performance.
These are shown in table 1 along with a comparable value for the
rhesus monkey (Balster and Chait 1976).
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TABLE 1

DOSES OF PHENCYCLIDINE PRODUCING 50% DECREASES IN FIXED RATIO
RESPONDING IN VARIOUS SPECIES OF LABORATORY ANIMAIS

Species ED 50
Mouse 10.00 mg/kgi
Pigeon 0.70 mg/kg
Squirrel Monkey 0.27 mg/kg@cl
Rhesus Monkey 0.08 mg/kg

by inspection of dose response curve in Wenger and Dews (1976)
by inspection of dose response curve in Wenger (1976)

reported in Chait and Balster (19785)

by inspection of dose response curve in Balster and Chait (1976)

o0 0w

One interesting point fran this table is the relative sensitivity
of the two species of monkey. FEven though the squirrel monkey
appears slightly more sensitive to the effects of FCP on observ-
able behavior, it is about 3 times less sensitive to its dis-
ruptive effects on food-reinforced fixed ratio responding. The
significance of this is unclear but it suggests that something
different from nonspecific disruption of gross behavior is re-
sponsible for the disruption of operant behavior in one or both
of these species.

STIMULUS PROPERTIES OF PCP

The stimulus properties of PCP were discussed in our earlier re-
view (Balster and Chait 1976) and there has been very little
published on this topic since then. Two studies have demonstrated
that PCP can serve as an effective discriminative stimulus in a
variety of response choice situations (Jarbe, Johansson, and
Henriksson 1975 ; Overton 1975). One of the applications of
drug discrimination studies is that they allow drug groups to be
classified by virtue of similar discriminative effects using
stimulus generalization procedures (Barry 1974; Schuster and
Balster 1977). Drug classifications based on discriminative
stimulus properties generally follow traditional pharmacological
classifications. Stimulus generalization studies with PCP suggest
that phencyclidine and related arylcyclohexylamines belong in a
class by themselves in that they do not transfer stimulus con-
trol to morphine, chlorpromazine, ditran, A9-tetrahydrocannabinol
and pentobarbital (Jarbe, Johansson, and Henriksson 1975; Overton
1975). Ketamine appears to be qualitatively similar to PCP, and
another related compound, N-ethyl-phenylcyclohexylamine (PCE),
also transfers stimulus control from PCP. This suggests that
PCE may produce effects similar to PCP and ketamine in humans,
and we have heard reports of confiscation of street samples of
this drug. The classification of arylcyclohexylamines on the
basis of their stimulus properties may be a useful way of pro-
viding evidence of potential PCP-like abuse in human populations.
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Two papers published in 1973 reported that PCP can serve as a
reinforcing stimulus in intravenous drug self-administration
studies in rhesus monkeys (Balster et al. 1973; Pickens, Thompson,
and Muchow 1973). This is particularly interesting in view of
the fact that although most drugs of abuse will serve this func-
tion, drugs classified as hallucinogens (Deneau, Yanagita, and
Seevers 1969; Hoffmeister and Wuttke 1975) and A'9-tetrahydro-
cannabinol (Harris, Waters, and McLendon 1974; Camey, Uwaydah,
and Balster 1977) generally do not. This emphasizes the unique-

ness of PCP as a "hallucinogen." Recently it has been demonstra-
ted that ketamine is also reliably self-administered by rhesus
monkeys (Moreton et al. 1977). This represents another example

of the similarity between PCP and ketamine in behavioral studies
in animals. A behavioral pharmacological basis for differences
in the abuse liability of these two compounds has yet to be
found.

PCP INTERACTIONS WITH OTHER DRUGS OF ABUSE

It is important to study the effects of PCP in combination with
other drugs of abuse, as multiple drug use is widespread. This
may be a particularly important consideration with PCP since
street samples of PCP are often mixed with other drugs. The use
of PCP concurrent with the use of nicotine, alcohol and marihuana
undoubtedly occurs frequently, the former and latter being more
common because PCP is often administered by adulteration of
smoking materials. PCP combinations with other drugs of abuse
are also likely to occur. The possibility of increased toxicity
associated with these combinations should be thoroughly investi-
gated.

There have been no behavioral studies of the interaction between
PCP and nicotine or alcohol. Such studies are clearly indicated.
Pryor et al. (1977) have completed an extensive series of experi-
ments on the interaction between PCP and A!9-tetrahydrocannabinol
(THC) in rats. In general, PCP enhanced the depressant properties
of A'9-THC. For example, acute doses of PCP which had little or
no effect when given alone, enhanced the effects of AY9-THC (1.25
to 2.5 mg/kg intraperitoneally) on conditioned avoidance re-
sponding, photocell activity, heart rate and body temperature.

On the other hand A'-THC antagonized the motor activity increases
produced by a high dose of PCP (5.0 mg/kg).

PCP Interactions with Pentobarbital

We have completed a series of experiments on the interactions
between PCP and sodium pentobarbital (PB). We have used a PCP-PB
canbination for anesthesia with rhesus monkeys for years. The
advantage of this canbination for short surgical procedures is
that the dose of PB necessary to reach a surgical plane of
anesthesia is reduced 2 to 3 fold. As a consequence the animals
recover consciousness in substantially less time than when PB is
given alone at higher doses, reducing the risk of postsurgical
complications. This use of PCP-PB combinations obviously suggests
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that PCP enhances the depressant effects of PB; therefore we
have sought to examine this interaction in a number of species
using a variety of measures.

The results of study (Chait and Balster 1978b) of the effects of
PCP on PB lethality in mice are presented in table 2.

TABLE 2

EFFECTS OF PHENCYCLIDINE ON PENTOBARBITAL LETHALITY IN MICE

Phencyclidine Pretreatment LD50* mg/kg i.p.)
Dose (mg/kg i.p.) of Pentobarbital (+95% C.L.)
0 110 (£23)
3 80 (+16)°
30 53 (+12)°

calculated by the method of Litchfield and Wilcoxon (1949)
significantly different from Pentobarbital + Saline (p<.05)

c. significantly different from Pentobarbital + Saline and Pento-
barbital + 3.0 mg/kg Phencyclidine (p<.05)

(o)

A dose-dependent enhancement of PB toxicity was observed. The
animals appeared to die fran respiratory depression.

We also looked at this interaction in two species of monkeys
(Chait and Balster 1978b). A rating scale was designed which
reflects degrees of CNS depression produced by pentobarbital.
Scale values were: (- normal movement and posture, 1l-does not
take offered food pellet, 2- unable to climb or maintain a sit-
ting posture without support, 3- unable to sit, 4- unconscious
with corneal reflex present, 5- unconscious with no corneal re-
flex, 6- unconscious with no corneal or pain reflexes (surgical
anesthesia). In the squirrel monkey, doses of 0.16 mg/kg PCP
and 12.5 mg/kg PB were studied alone and in combination. In the
rhesus monkey, doses of 0.2 mg/kg PCP and 25 mg/kg PB were studied
alone and in combination. Injections were given simultaneously
intramuscularly. The results are summarized in figure 1.
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FIGURE 1
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Phencyclidine (PCP) -- Pentobarbital (PB) interactions in rhesus
and squirrel monkeys

In the rhesus monkey it can be clearly seen that a dose of PCP
which has very little effect when given alone markedly potentiates
the anesthetic effects of PB. The dose of PB used in this study
when given alone only results in some difficulty maintaining a
sitting position without support, but combined with PCP produces
a surgical level of anesthesia of approximately one hour's dura-
tion. The results with squirrel monkeys were quite different.
Although the dose of PCP and of PB used both produced greater
effects in this species when given alone, there was no evidence
of potentiation. This is an interesting and unexpected species
difference that warrants further investigation, particularly in
light of other data we have collected in the squirrel monkey
using schedule controlled behavior in which PCP failed to enhance
the response rate decreasing effects of PB (Chait and Balster,
unpublished data).

In spite of our failure to find evidence for a PCP enhancement of

PB effects in the squirrel monkey, the data from mice and rhesus
monkeys raises the question of potential toxicity which may re-
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sult from combined use of these drugs in human populations, On
the basis of the greater phylcgenetic similarity to man of rhesus
monkeys, we would, other factors being equal, place more weight
on this result. Another question we would raise concerns the
specificity of this interaction to PB. Does PCP enhance the
depressant effects of other barbituates, nonbarbituate sedatives,
benzodiazepines, and alcohol as well? Clearly, further research
in this area is indicated.

Phencyclidine Interactions with d-Amphetamine

One benefit of studying drug interactions with PCP is that the
results may provide clues concerning the neurochemical mechanism
of action of PCP. This is the case with PCP and d-amphetamine
interactions. There 1is some evidence that PCP may possess
dopaminergic activity. PCP has been shown to be a potent com-
petitive inhibitor of dopamine uptake in rat striatum (Smith et
al. 1975; Garey and Heath 1976). It has also ken shown to pro-
duce ipsilateral rotation in rats with unilateral lesions in the
substantia nigra, and this effect can be reversed by pretreat-
ment with alpha-methyl-para-tyrosine, haloperidol and pimozide
(Kanner et al. 1975; Finnegan et al. 1976). Ipsilateral rotation
is generally considered to be indicative of an indirect acting
dopamine agonist and is also produced by amphetamines. Since
stereotyped behavior produced by amphetamine (and perhaps the
amphetamine psychosis as well) is generally considered to be a
dopaminergic effect, it might be postulated that PCP would en-
hance amphetamine sterotypy. We have found this to be the case
with low doses of PCP in the rat (Balster and Chait 1978).

In two separate experiments a 9 point rating scale was used to
study the effects of various doses of PCP on stereotypy produced
by d-amphetamine. PCP at 2.5 mg/kg, which had no effect when
given alone, potentiated the stereotypy produced by 1 and 3 mg/kg
d-amphetamine. Higher doses of PCP produced ataxia and stereo-
typies when given alone. These higher doses did not enhance the
effects of d-amphetamine. Although these results are preliminary,
they are consistent with the hypothesis that PCP has dopaminergic
activity and suggest that PCP may enhance the behavioral toxicity
associated with stimulant abuse. They may also serve as a start-
ing point in the investigation of commonalities among the model
psychoses elicited by amphetamines (Snyder 1972; Ellinwood and
Kilbey 1978) and PCP (Luby et al. 1959).

TOLERANCE AND DEPENDENCE WITH PCP

There is conflicting evidence on the degree of tolerance develop
ment associated with chronic PCP administration. There is some
evidence from the veterinary use of PCP that the duration of
anesthesia decreases with repeated use (Martin et al. 1972). We
have reported a preliminary study of tolerance development in
rhesus monkeys (Balster and Chait 1976). PCP was given daily,
seven days a week, over a period of four months at doses beginning
at 0.2 mg/kg/day increasing to 1 mg/kg/day. Dose effect curves
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for PCP effects on food reinforced operant behavior were obtained
before and after this chronic regimen. 1In two of the three mon-
keys a greater than 4-fold shift in dose effect curve was obtained;
in the third monkey, however, there was less evidence for toler-
ance development. In addition, the duration of observable motor
disruption in these three animals after chronic PCP administration
was shorter than in untreated monkeys. These same monkeys were
observed carefully for signs of withdrawal after discontinuation
of PCP. There was no clear evidence of any withdrawal symptom-
atology.

A more systematic study of the behavioral effects of chronic

PCP administration has recently been completed in squirrel mon-
keys (Chait and Balster 1978a). In this study five squirrel
monkeys were given chronic PCP at doses beginning at 0.2 mg/kg
once a day increasing to 0.6 mg/kg four times a day (2.4 mg/kg/
day) over a period lasting from 82 to 126 days. The regimens of
PCP doses more individualized for each subject to maximize toler-
ance development. Pre- and post- chronic dose effect curves for
the effects of PCP on operant behavior revealed approximately a
two-fold tolerance development. The most dramatic indication of
tolerance was in the duration of PCP-suppressed responding follow-
ing a dose of 0.6 mg/kg given before and after chronic dosing.

At this dose operant behavior was suppressed for an average of
125 minutes before chronic PCP and only 35 minutes after chronic
PCP.

As in the study with rhesus monkeys, there was no evidence for
disruption of operant behavior after the discontinuation of PCP
administration which might indicate a withdrawal syndrome. e
had a subjective impression that four of the five subjects demon-
strated unusually high excitability and apparent fearfulness
(biting, screaming, etc. with handling) during the first or,

more commonly, the second day of the withdrawal period, although
no systematic attempt was made to quantitate these observations.
No changes in body weight or food intake occurred during with-
drawal.

On the basis of our studies of chronic PCP administration in two
species of monkeys the following conclusions can be drawn. Toler-
ance can develop to the behavioral effects of PCP: this tolerance
is most easily observed as a shortened duration of effect. Toler-
ance development appears to be in the range of 2 to 4 fold. We
have been unsuccessful in pushing the extent of tolerance further.
It is important to keep in mind that the chronic regimens we

used were designed to maximize tolerance development and would
probably represent the upper limits of human abuse pattern. Con-
sequently the degree of tolerance to be expected with less vigorous
dosage conditions remains to be seen. At this point we also do
not know the mechanism for this tolerance. Pharmacokinetic,
pharmacodynamic and behavioral factors may all play a role. Ex-
periments designed to assess the relative contribution of each

of these mechanisms are indicated.
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A second conclusion to be drawn from our research is the lack of
evidence for development of physical dependence. Clear behavioral
or autonomic signs of withdrawal comparable to those seen with
chronic administration of opioids, barbituates or alcohol have
not been observed. Sane suggestion of irritability was observed
in the squirrel monkey, however. Systematic studies of potential
physical dependence development in various species would be useful
in clearly establishing the role dependence may play in chronic
PCP abuse.

SUMMARY AND CONCLUSIONS

We have reviewed the current status of our knowledge of the be-
havioral effects of PCP in subhuman species and have pointed to
some areas where more information is most critical. The follow-
ing tentative conclusions can be drawn: (1) There are marked
species differences in the effects of PCP on grossly observable
behavior. Various species of rodents show a pattern of response
to PCP which is most similar to that of psychomotor stimulants,
suggesting that catecholaminergic effects may predominate in
these species. The effects in subhuman primates appear to be
more "depressant" and qualitatively more like effects in humans,
although differences also exist in the response of rhesus monkeys
and squirrel monkeys to this drug. 1In spite of species differ-
ences in gross behaviors, the effects of PCP on operant behavior
have not been shown to differ qualitatively in different species;
however, very little research has been completed that bears upon
this. (2) PCP represents a unique class of psychopharmacolcgical
agents. The discriminative stimulus properties of PCP do not
generalize to drugs fran other pharmacological classes and, un-
like other hallucinogens, PCP 1is self-administered by rhesus
monkeys. Studies of the discriminative and reinforcing properties
of analogues of PCP in experimental animals may be a useful way
of evaluating their dependence liability. (3) PCP has been
shown to interact with A9-THC, pentobarbital and d-amphetamine.
It enhances the depressant effects of A9-THC, the anesthetic
effects of pentobarbital and the behavioral toxicity associated
with d-amphetamine administration. (4) With frequent high dose
chronic administration 2- to 4-fold tolerance can develop to some
of the behavioral effects of PCP, particularly resulting in a
shortened duration of action. (5) Preliminary data suggest that
PCP does not produce physical dependence comparable to that of
opioids or CNS depressants.
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Chapter 5

Phencyclidine Use Among Youth: History,
Epidemiology, and Acute and Chronic

Intoxication

Steven E. Lerner, M.S., and R. Stanley Burns, M.D.

INTRODUCTION

The growing popularity of phencyclidine throughout the United
States parallels the early histories of LSD and marihuana. The
initial passage of phencyclidine through the drug subculture in
1967 resulted in "bad reviews," attributed to the relative inex-
perience of drug experimenters. However, during the past three
years its popularity has rapidly increased among the now more
experienced drug users. In addition, the extensive use of clandes-
tine drug canbinations containing phencyclidine has resulted in
part in a marked rise in acute phencyclidine intoxications.

The medical problems emerging from the illicit use of this entirely
new class of psychoactive drugs are compounded by its myriad analogs.
With the advent of the polydrug abuse phenomenon, the widespread ex-
perimental and long-term use of phencyclidine has expanded at an
alarming rate. The large quantities of phencyclidine that have Dbeen
recently confiscated by law enforcement officials in California a-
lone, commensurate with the reported Drug Abuse Warning Network
"mentions" and associated deaths, are convincing indicators of a
new major drug problem.

This paper will present an overview of the pharmacology of phency-
clidine, including its. effects on animals and humans, and the his-
tory of its illicit use which is highlighted by factors related to
phencyclidine's increasing popularity. Data from three major Fed-
eral sources are compared with the results of the authors' hospital-
based youth study. The increased problems and deaths seen in a
community where phencyclidine has been continuously available are
presented and discussed.

A profile of chronic phencyclidine use includes a description of
the patterns of use, the phencyclidine experience, tolerance, psy-
chological dependence and side effects, chronic toxicity, and lab-
oratory and neurological findings.

A review of the acute intoxicated state caused by phencyclidine
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encompasses the presentation, clinical picture and course, labora-
tory and toxicological findings, diagnosis, management and treat-
ment.

AN OVERVIEW

Phencyclidine hydrochloride (Sernyl), discovered in the mid
1950's (Domino and Luby 1972) is a white, stable solid with a melt-
ing point of 234 - 236°C (Domino 1964). It is a weak base that is
readily soluble in water (Domino 1964) and highly lipid soluble at
physiological pH (James and Schnoll 1976). Animal studies reveal
low cellular toxicity and high potency for inducing surgical anes-
thesia without respiratory or cardiovascular depression in monkeys
(Greifenstein et al. 1958).

The drug was first tested on humans in 1957 (Greifenstein et al
1958; Rodin, Luby and Meyer 1958), and when given in doses of 0.25
mg/kg intravenously produced anesthesia sufficient for minor and
major surgery (Greifenstein et al. 1958). Phencyclidine was also
used as a preanesthetic agent for postoperative analgesia, for pain
syndromes, burn dressing, as an abreactive agent, and for the
treatment of psychoneurosis. Since the drug produced postanesthetic
confusion and delerium of prolonged duration in some cases, clinical
investigations were discontinued (Domino and Luby 1972; Chen, Ensor
and Bohner 1966).

Phencyclidine hydrochloride in solution was legally manufactured by
Parke, Davis and Company for use in humans as a short-acting anal-
gesic and for general anesthesia under the trade name Sernyl (Munch
1974). In 1967 the patent was changed to permit the manufacture by
Philips Roxane of the drug in solution as an analgesic for monkeys
and other primates under the trade name Sernylan. The Comprehensive
Drug Abuse Prevention and Control Act of 1970 classified phencycli-
dine with the barbiturates and LSD in Section 202(c), Schedule
IITI(b) (7) as . . . "having a depressant effect on the central nervous
system" (Munch 1974).

Phencyclidine and its better known derivative ketamine belong to
the arylcycloalkylamine group (Chen and Weston 1960) and have a
similar spectrum of activity. Administered to animals in increas-
ing doses, these drugs produce excitation, ataxia, catalepsy, gen-
eral anesthesia and convulsions. The characteristic autonomic
actions of these agents, hypertension and tachycardia, appear to
be due to central sympathetic stimulation (Chen and Weston 1960).

The degree of central nervous system stimulation and depression and
the anesthetic potency vary among the species (Chen and Weston

1960; Chen et al. 1959; and Chen 1965). Based on behavioral criter-
ia, phencyclidine and ketamine act primarily as central nervous sys-
tem depressants in both humans and monkeys. Immediate excitation
does not usually occur, whereas surgical anesthesia is more readily
induced in human than in other species (Domino 1964; Chen and
Weston 1960; and Chen 1965). Ketamine is less potent, has a shorter
duration of action, and produces convulsions less frequently (Chen
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et al. 1959; Domino, Chodoff and Corssen 1956; and Corssen and
Domino 1966).

Phencyclidine is active orally as well as parenterally (IM, IV) in
humans (Domino and Luby 1972; and Domino 1964). 1In several studies
involving normal subjects, comparable subanesthetic doses of phen-
cyclidine of 0.1 mg/kg given intravenously over 2 - 12 minutes or
7.5 mg orally consistently produced decreased touch, pain and posi-
tion sense associated with nystagmus, ataxia and hyperreflexia
(Domino 1964; Luby et al. 1959; and Davies and Beech 1960).

Impairment or increased threshold of audiometry, perimetry, visual
acuity and taste is seen (Danino 1974). Touch sense and two-point
discrimination were found to be the earliest, most pronounced and
persistent sensory effect in one study. Changes in muscle tone
ranging from a slight increase to catatonia and rhythmic motor
behavior have been reported (Luby et al. 1959). An increase in the
diastolic blood pressure of less than 10 mm with an increase in
pulse rate of generally 20 - 30 beats per minute were also noted.
Side effects included nausea with repeated vomiting, vertigo, ptosis
and diplopia.

With intravenous administration over five minutes, effects are im-
mediate, with prominent symptoms; lasting 1 - 2 hours (Luby et al.
1959). Following oral administration, subjects have reported
changes in their physical or psychological state within 45 minutes
with maximum effects at 90 minutes (Beech, Davies and Morgenstern
1961). In a similar study of five obsessional patients,given 5

to 10 mg phencyclidine orally, the point of onset at 30 - 60 minutes
and a duration of 1 - 3 hours were reported (Davies 1961).

Given intravenously in anesthetic doses of 0.25 mg/kg (or a total
dose of 17.5 mg) over thirty-five minutes, phencyclidine increases
the minute volume, rate and depth of respirations of law order. A
mean increase in minute volume of 1140 cc was measured in seven
normal patients. Their tidal volume and respiratory rates increased
a mean of 15.3 and 2.57 cc, respectively. A consistent and signifi-
cant mean increase of 26 mm Hg in systolic and 19 mm Hg in diastolic
pressure was observed. The pulse rate change was significantly in-
creased in three subjects and decreased in three subjects (Greifen-
stein et al. 1958).

In surgical patients given 20 mg of phencyclidine intravenously
following premedication with pethidine and atropine, no response
to pain appeared after a few minutes, and most patients were com-
pletely unresponsive for periods up to ninety minutes without res-
piratory depression (Greifenstein et al. 1958). Intravenous doses
of 0.275 mg/kg to 0.44 g/kg produced anesthesia for an average of
25 minutes in 735 patients. The duration of surgical anesthesia
with 0.5 - 0.75 mg/kg of ketamine is less than 5 minutes with re-
covery in 1/2 to 1 hour (Chen, Ensor and Bohner 1966).

As a local anesthetic, phencyclidine is approximately equal to
procaine. However, the analgesic activity of the arylcyclohexyl-
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amines cannot be assessed in animals by standard testing procedures.
It has been suggested that their mechanism of action may differ from
the narcotic or the analgesic and anesthetic doses are too close to
differentiate (Chen, Ensor and Bohner 1966).

In subanesthetic doses there is general impairment of sensory func-
tion with a decrease in the appreciation for touch and pain the
earliest and most pronounced effects. Subjects are awake and able
to communicate with movement preserved and impaired only by ataxia
and occasional catatonia until consciousness is lost when higher
anesthetic doses are administered. Dissociation between sensory
and motor functioning at subanesthetic doses, implying a disturbance
of sensory-motor coordination, appears to occur.

Electrophysiologically, phencyclidine and ketamine induce a contin-
uum of subcortical and cortical (EEG) changes in animals, with
catatonia or immobility, consistent with central nervous system
stimulation. In animals and epileptic human subjects with implanted
depth electrodes, limbic arid temporal electrical seizure activity
has been observed following ketamine administration. The electrical
seizure activity is not always substantiated by convulsive behavior
or reflected in the conventional surface EEG (Ferrer et al. 1973;
and Winters et al. 1972).

The arylcyclohexylmines also have anticonvulsant properties, an-
tagonizing electrically induced tonic extensor seizures in mice in
doses causing ataxia and excitation, and suppressing pentylene-
tetrazol-induced, initial clonic seizures only at doses approaching
anesthetic levels. These properties are related to effectiveness
against generalized motor seizures in humans (Chen 1973).

Electroencephalographically, phencyclidine causes diffuse theta

and delta slowing in humans. In subanesthetic to anesthetic doses

paroxysmal activity is not evident. Changes induced by intravenous
infusion ranged from slight theta slowing in one of four volunteers
at 0.03 mg/kg to marked theta activity with a dominant medium volt-
age of 4 - 5 Hz rhythm in two volunteers given 0.2 mg/kg. The on-

set of frequency changes and their restitution in the electroenceph-
alogram were either gradual and stepwise or abrupt. These effects

ranged in duration from 15 to 60 minutes depending on the dose ad-

ministered and the magnitude of the changes induced.

In six persons given intravenous infusions of phencyclidine, a
decrease in fast activity occurred after 2 - 3 mg. At approximately
7 - 10 mg, a diffuse predominant slowing in the occipital, temporal
andparietal regions was observed. In the initial clinical trials,
doses of 1.0 mg/kg intravenously produced clinically observed
seizure activity (Greifenstein et al. 1958).

In humans, phencyclidine has psychotomimetic properties. The toxic
psychosis induced by low doses is characterized more by the overt
symptoms of schizophrenia than by hallucinations. Reproducing more
of the primary symptoms than other drug models, the psychosis pro-
duced in normal volunteers is difficult to distinguish from
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schizophrenia (Domino and Luby 1972; Collins, Gorospe and Roven-
stine 1960; and Luisada and Reddick 1975). Extreme exacerbation
of existing psychoses followed the administration of phencyclidine
to chronic schizophrenic patients (Collins, Gorospe and Rovenstine
1960; and Luisada and Reddick 1975). The drug intensified disorder
in thought processes and stimulated considerable affect. Patients
acted out sexually and became more active, assertive and hostile.
These behavioral changes continued for one month (Luby et al. 1959).

Phencyclidine produces unique and profound alterations of thought,
perception and mood in subanesthetic doses. The mental effects in
normal volunteers include changes in body image, loss of ego bound-
ary, and depersonalization associated with feelings of estrangement,
isolation and dependency (Luby et al. 1959; and Davies and Beech
1960) .

Affectively charged experiences are often evoked and some subjects
exhibit negativism and hostility or apathy (Luby et al 1959; and
Davies and Beech 1960). Thinking is slowed with disruption of
attention span, inability to sustain organized directed thought
(Davies and Beech 1960), and impairment of learning. Subjects are
distractible and perseverate. Time appreciation is disturbed, with
underestimation of time intervals. Echolalia, neologisms, and
word salad may be observed with a loss of time "boundness." Some
subjects manifest echopraxia and repetitive motor behavior (Luby
et al. 1959).

Reaction time, tapping speed, rotatory pursuit performance and
weight discrimination have been reported to be impaired (Davies
1961).

The oral "sedative" dose for humans is considered to be between 1 -
5 mg. Following oral administration of a subanesthetic dose of 7.5
mg, subjects report changes in their psychological or physical state
within 45 minutes and maximum effects at 90 minutes (Beech, Davies

and Morgenstern 1961).

Under conditions of sensory isolation or reduced visual, auditory
and tactile stimulation, less disturbances of behavior and psycho-
logical processes are evident. Subjects experienced only minimal
body image changes and felt more in control and less anxious. They
were less productive verbally and appeared quieter and calmer. They
reported experiencing "nothingness" or "emptiness." When the sen-
sory isolation was stopped, subjects were immediately aware of the
perceptual distortions and became more disturbed. Some subjects
then experienced nausea or exhibited catatonia.

Following anesthetic doses of phencyclidine, patients were amnesic
for both surgery and the recovery period.

The psychotomimetic effects of phencyclidine are most apparent fol-
lowing administration of low doses. The anesthetic properties of
the drug associated with changes in the level of consciousness pre-
dominate after high doses.
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Profouud behavioral effects are seen in several species following
phencyclidine administration (Balster and Chait 1976). In the
monkey, reinforcing properties have been demonstrated by the init-
iation and maintenance of lever-pressing for injections of phen-
cyclidine. The drug is self-administered in amounts producing a
state resembling general anesthesia (Balster and Chait 1976; and
Balster 1976). It is the only "hallucinogen" reliably self-admin-
istered by monkeys, which suggests a potential for abuse (Domino
and Luby 1972; Luby et al. 1959; and Balster and Chait 1976).

Learned behavior in animals is sensitive to impairment or disruption
by phencyclidine (Danino and Luby 1972; Rodin, Luby and Meyer 1958;
Chen, Ensor and Bohner 1966; Munch 1974; and Balster and Chait 1976).
Discrimination studies indicate that the arylcyclohexylamines pro-
duce effects in animals different from other psychoactive substances
and probably constitute a distinct class of drugs (Chen and Weston
1960; Chen et al. 1959; Domino, Chodoff and Corssen 1965; Balster
and Chait 1976; and Corssen and Domino 1966).

Repeated administration of phencyclidine to monkeys and primates
has resulted in shortened periods of effective anesthesia after
several weeks or months of use. A similar tolerance to the anes-
thetic effect of ketamine has been reported (Luisada and Reddick
1975). In monkeys receiving ketamnie 3 - 5 times per week for 6
months, the duration of anesthesia was decreased by 40 percent.
Juvenile chimps receiving 3 doses in a one-week period required 50
percent more ketamine to maintain the anesthetic effects (Luisada
and Reddick 1975). Similar observations have been made in humans
with repeated use of ketamine anesthesia in the treatment of burns
(Chen and Weston 1960).

There is some recent evidence of tolerance development to the dura-
tion and intensity of the effects of phencyclidine on operant behav-
ior in monkeys with daily administration over a 4-month period.
Studies examining physical dependence to phencyclidine associated
with the chronic intoxicated states do not appear in the literature
(Balster and Chait 1976).

In various animal species, phencyclidine has a relatively short dura-
tion of action (Domino 1964). In the monkey, for example, it is
rapidly metabolized and excreted in the urine as conjugated di- and
mono-hydroxy metabolites (Ober et al. 1963; and Glazko 1967).

After single intravenous doses, 60 percent of the radioisotope la-
bels were recovered in the urine within twelve hours, and approxi-
mately 75 percent in eight days (Ober et al. 1963). In humans, the
relative concentrations of mono-hydroxy metabolite and the parent
compound phencyclidine recovered in urine after acid hydrolysis and
assayed by gas liquid chromatography were 68 percent and 32 percent,
respectively. No di-hydroxy metabolite was evident (Ober et al.
1963). Subsequently, two mono-hydroxyl metabolites were detected in
urine from patients acutely intoxicated with phencyclidine after en-
zymatic hydrolysis (Lin et al. 1975). There is no evidence that
these two compounds possess cataleptic anesthetic activity.
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Tissue distribution studies in animals demonstrate relatively high
and persistent concentrations in adipose and brain tissue with lower
and rapidly falling blood concentrations (Lin et al. 1975; and
Corssen and Domino 1966). These results are consistent with the
drug's pKa of 8.5 and lipid partition coefficient at physiological
pH (Done et al. 1977). The half life in rat blood after IP injection
is approximately 3 1/2 hours. The drug concentration half life in
the dog followed intravenous administration is approximately one
hour (Lin et al. 1975).

No evidence of acute cellular toxicity was reported in the first
1,000 patients who received phencyclidine as an investigational
drug. However, phencyclidine with restraint stress produced in-
creased muscle enzyme (CPK, aldolase) levels and skeletal muscle
pathology in rats. One of seven human subjects had an increased
CPK level following phencyclidine administration.

In acute phencyclidine intoxication with coma, CPK levels greater
than 500 units are frequently found. 1In several cases where CPK

has been above 20,000 units, rhambdomyolis preceded myoglobinuria
and renal failure. Whether this represents direct muscle toxicity
or 1s secondary to coma and muscle compression is unknown.

Evidence of hematologic, hepatic or renal toxicity was not found by
the authors in their study of chronic use of phencyclidine for
periods greater than 6 months andupto 5 1/2 years by history.

Several female patients seen by the authors have by history used
phencyclidine regularly preceeding and during pregnancy with their
infants being in apparent good health. One infant born to mother
who used phencyclidine regularly just prior to delivery exhibited
poor feeding, a poor sucking reflex and irritability.

Phencyclidine can be detected in concentrations of 1:1000 after
extraction with an organic solvent fran an aqueous solution by a
color reaction with gold branide or potassium permanganate (Munch
1974). The drug has been identified and quantitatively determined
in extracts of body fluid (blood, urine, CSF) and. tissues by thin
layer chromatography, gas liquid chromatography with flame ioniza-
tion detection, and with gas chromatography - chemical ionization
mass spectrometry (James and Schnoll 1976; Reynolds 1976; and
McLeod, Green and Seet 1976).

The History of Illicit Phencyclidine Use

Street preparations of phencyclidine have continuously changed in
name, physical form, and content.

Phencyclidine is sold on the West Coast by such labels as Angel Dust,
Cannabinol, Crystal, PCP and THC (Lundberg, Gupta and Montgomery
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1976; Radcliff 1975; Perry 1975; Burns et al. 1975; and Burns and
Lerner 1976). In the Midwest, among its street names are DUST, TAC
and TIC (Drug Enforcement Administration 1975). On the East Coast
phencyclidine is sold as Angel Dust, Erth, Green, KW and Sheets.
Recently phencyclidine has been identified as being present in
samples sold under 46 different names (See Table 1). Many of these
street nomenclatures are regional while others arenationalin scope.
Although phencyclidine is represented under a multitude of names,
the most consistent misrepresentation is "THC" (Burns et al. 1975;
Burns and Lerner 1976a, Burns and Lerner 1976b, and Lerner and
Burns 1978).

When sold as THC in tablet or powder form the color may be beige,
brown, blue, green, orange, pink, red, strawberry, white or yellow.
Phencyclidine sold as PCP usually appears beige, gray brown, orange,
speckled pink, tan white, white gray or white yellow in color.
Physical form varies fran the frequent tablet, powder, crystalline,
and granular amorphous solid to the rare liquid.

Phencyclidine has appeared on the illicit market as a powder, a
tablet, a leaf mixture (Lundberg, Gupta and Montgomery 1976; and
Radcliff 1975), a liquid, and one gram "rock" crystals. The crys-
talline or granular form is found most frequently in capsules.
Phencyclidine on parsley, mint, oregano or other leaves is usually
found in the form of a joint. Most street preparations contain the
hydrochloride salt, although phencyclidine as the free base has been
seen (Shulgin and MacLean 1976).

Since 1975, only 25 percent of the street drug samples containing
phencyclidine have contained additional drugs, a smaller percentage
than in earlier years. In 1971 - 1974, other drugs were found in
40 - 60 percent of street samples analyzed at the Street Drug In-
formation Program at the University of Southern California of
Medicine. LSD was present in 86 percent of all combination prep-
arations, with the "caine" drugs accounting for another 4 percent.
Four percent of the samples contained two or more additional drugs.
Phencyclidine was mixed with marihuana in only two of 317 samples
(Lundberg, Gupta and Montgomery 1976). This trend has also been
reflected in other street drug analysis programs across the United
States. Recently, phencyclidine and its thienyl analog (TCP) have
been identified in over 10 percent of all samples analyzed at the
University of Southern California. Only 3 percent of the samples
containing phencyclidine were actually sold under the designation.

The crystalline or granular powder form is found most frequently as
Crystal or Angel Dust, which usually contain 50 - 100 percent phen-
cyclidine. Found under other names, the purity drops to a range
of 10 - 30 percent. Most tablets contain approximately 5 mg and
tend to range from 1- 6 mg (Lundberg, Gupta and Montgomery 1976;
Radcliff 1975; and Drug Enforcement Administration 1975). Leaf
mixtures have been found to contain between 0.24 - 7.9 percent phen-
cyclidine, averaging 1 mg phencyclidine per 150 mg leaves (Lundberg,
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TABLE 1
NAMES GIVEN FOR MATERIAL CONTAINING PCP-TCP

Name

Amphetamine

Angel Dust

Belladonna

Cocaine

Cadillac

Cannabinol

Crystal

Cyclones

Detroit Pink

DMT  (N,n-dimethyltryptamine)
Dust

Elephant tranquilizer

Erth

Gocn

Green

Hashish

Hog

Horse tranquilizer
Killerweed

KJ crystal

KW

LSD (lysergic acid diethylamide)
Marihuana

MDA (3,4-methylenedlaxyamphetamine)
Mescaline

Mintweed

Mist

Monkey Dust

PeaCe Pill

PCPA  (para-chlorophenylalamine)
Peaceweed

Peyote

Psilocybin

Rocket fuel

Scuffle

Sheets

Snorts

Soma

STP  (3-methyl-2, 6-dimethoxyamphetamine)
Superweed

Surfer

T

TAC

THC (tetrahydrocannabinol)
TIC

TT-1
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Gupta and Montganery 1976).

Phencyclidine is taken orally, by inhalation (smoking), insufflation
(snorting), and rarely by the intravenous route.

Street samples analyzed have contained phencyclidine in combination
with other drugs (barbiturates, ethyl alcohol, heroin, cocaine,
amphetamine, methaqualone, 1LSD, mescaline, procaine). Combination
preparations which contained phencyclidine (phencyclidine-procaine,
phencyclidine-marihuana, phencyclidine-caffeine, phencyclidine-
cocaine,  phencyclidine-doxepin,  phencyclidine-LSD,  phencyclidine-
LSD-mescaline, phencyclidine-LSD-aspirin, phencyclidine-LSD-procaine
and some 4-5 drug combinations) have also appeared on the illicit
market. In addition the presence of PCC (l-piperidinocyclohexane-
carbonitrile) as a contaminant in some illicit phencyclidine prep-
arations has been detected (Helisten and Shulgin 1976).

The information needed for the preparation of phencyclidine was
reported over 50 years ago with descriptions of the reaction of
l-piperidinocyclohexanecarbonitrile  (PCC) with Grignard reagents
(Shulgin and MacLean 1976). The majority of the illicitly syn-
thesized phencyclidine is prepared according to the general direc-
tions of Kalir and modified in details as required by the avail-
ability of chemicals and equipment. Until recently most batch
operations were limited by the amount of piperidine to be used
(usually a maximum of 500gms) and would produce on a 3 - 5 mole
scale (Shulgin and MacLean 1976).

Piperidine was felt to be the most guarded reagent and the easiest
to trace and for these reasons manufacturers would pay as much as
$1,000/kg for a non-traceable bottle. Now piperidine is no longer
the "limiting step" as it has become readily available, leading to
the manufacture of larger quantities of phencyclidine.

In addition, a new solvent for distillation that should prevent
fires and explosions is now available. Manufacturing is now done
in larger, better equipped laboratories that are capable of produc-
ing great quantities of phencyclidine. Tllegal laboratories con-
taining as much as 25 million dollars worth of phencyclidine have
been raided. The last major seizure (in the Los Angeles area)

of an illicit laboratory in 1977 yielded 900 pounds of phencyclidine.

Recently an illegal laboratory was raided by the Drug Enforcement
Administration in the Michigan area. Officials estimated that the
$200 investment in chemicals could produce phencyclidine worth ap-
proximately $200,000 on the street.

According to the Drug Enforcement Administration, major production
centers have been discovered in Washington, D.C., Detroit, Los
Angeles and San Francisco.

Complex and formal distribution systems now exist which mirror the

heroin connection. In some areas phencyclidine has surpassed heroin
in street price. The same criminal elements that are selling
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opiates are now also selling phencyclidine. Phencyclidine sold as
THC or Angel Dust is usually worth from $25 - $200 per gram and
upwards of $1000 an ounce. Individual phencyclidine joints vary
from $1 - $20 or more.

Various patterns of phencyclidine use have emerged over the past
several years. First time users report stoking a cigarette con-
taining phencyclidine unknowingly or in an experimental fashion.
Although the occasional or recreational use pattern is seen, its
development is mediated by an initial experience of unexpected and
unpleasant effects (Burns et al. 1975; and Burns and Lerner 1978).
In areas where the drug has been continuously available, it has
gained a preferred drug status with small cluster groups of in-
dividuals who have used it on a chronic, daily basis for periods
of six months to six years (Burns et al. 1975; and Bums and Lerner
1978) . Requests for the authors services through a national con-
sultation service (Lerner, Bums, Linder and Associates) reveal
chronic users in California, District of Columbia, Hawaii, Kansas,
Kentucky, Maryland, Nevada, and Washington.

In the San Francisco - Oakland area chronic users purchase phency-
clidine in gram amounts ranging from $85 - $125 per gram. Money
for the purchase of phencyclidine is generally provided by a part-
ner through dealing, hustling, or Social Security Insurance (SSI).
Wholesale dealer's costs average fran $40 - $50 per gram, $200 -
$300 per quarter ounce, and from $700 - $1,000 per ounce.

Factors Related to Increased Phencyclidine Popularity and Use

When phencyclidine made its illicit debut in 1965 it was marketed
as a mild psychedelic. Dealers described this new drug as a mild
psychedelic, "a little stronger than marihuana," and sold it in
tablet and capsule form. The effects were often unexpected. Since
the dosage could not be titrated, users often experienced an adverse
reaction. Hence, phencyclidine gained a bad reputation and subse-
quently was not seen on the streets.

By 1972, a change was observed in both themethodof use and the
attitude of users about the drug. A conversion had taken place
from using phencyclidine orally in tablet or capsules to smoking
it on leaf material. By this newly discovered method the user was
able to more effectively control the dosage, thus decreasing the
chance of overdose. Experienced users for the first time were able
to inform new users how to take it effectively and to describe what
the effects would be like. As first time users were now being
prepared for this unique experience and with better methods of con-
trolling the dosage, the popularity of phencyclidine spread rapidly.
Illicit laboratories increased in proportion to the new demand for
material.

Because of the ease of manufacturing phencyclidine in clandestine
laboratories, its availability has dramatically increased. Youth
are now using phencyclidine in social settings in a similar fashion
to marihuana. As other drugs of abuse become difficult to obtain,
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phencyclidine in many areas is continuously available. Hence,
groups of users are likely to select phencyclidine as their drug
of choice and to share it with their friends.

Due in part to the lack of full infomation about the effects and
dangers associated with phencyclidine,the drug continues to ex-
pand in popularity among youth. In general, users are still under
the misconception that phencyclidine is merely "a little stronger
than marihuana." Young users who were questioned about the dif-
ferences between LSD and phencyclidine uniformly responded that
LSD was a much more dangerous drug and that they would not use it.
Phencyclidine, however, does not have this connotation. until
this is changed, usage is likely to continue to increase.

The abuse of phencyclidine and other arylcyclohexylamines has
emerged over the past 12 years. As stated earlier, phencyclidine
was first seen illicitly in 1965, in Los Angeles (MacLean 1977).
Two Years later it appeared in San Francisco under the guise of
the "PeaCe Pill" (Bums et al. 1975). With media coverage of the
adverse effects, phencyclidine disappeared from the street scene
in the San Francisco area in 1968, at which time it surfaced on
the FEast Coast under the gquise of "Hog." Since then it has been
seen with increasing frequency throughout the United States.

In 1969, the N-ethyl analog of phencyclidine, PCE, cyclohexamine
appeared on the streets in Los Angeles (Shulgin and MacLean 1976).

By 1972, due to the "ripple effect," phencyclidine appeared in five
states, from California to New York (see Table 2). It should be
noted that the PharmChem Research Foundation, which provided this
data, 1s only one of many street drug analysis programs operating
in the United States. Therefore, the epidemiology of its abuse

is riot necessarily reflected by these figures. Louisville, Kentucky,
and Eugene, Oregon presented the greatest increases in street drug
samples containing phencyclidine.

In 1974, the Thiophene analog of phencyclidine, TCP, was first
identified in Hawaii. That same year phencyclidine had spread into
another four states.

By 1975 the use of both phencyclidine and TCP had spread to 22
states. TCP was sold on the West Coast in Los Angeles, Newport
Beach, Santa Cruz and Sacramento. Outside of California, TCP was
being sold in Eugene and Coos Bay, Oregon, and Seattle and Tacoma,
Washington.

In 1976 phencyclidine appaared in another two states. The use of

TCP. decreased slightly, although it remained popular in Oregon and
Washington

During the first eleven months of 1977, phencyclidine was identified
in 28 states, exceeding all prior years. For the first time samples
of phencyclidine were received from Indiana, Kansas, and Nevada.
Since these samples were in the powder form, the possibility of

17



TABLE 2

DISTRIBUTION OF PCP-TCP BY STATE*

STATE 1972

_ 1973

1974

1976

1977

Alabama
Alaska
Arizona
Arkansas
California X
Colorado X
Connecticut
Delaware
District of Columbia
Florida X
Georgia
Hawaii
1daho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine X
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New Mexico
New York X
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
TOTAL STATES 5
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sophisticated chronic use was evident. Although they were Pharm-
Chem's first samples from these states, it is unlikely that phen-
cyclidine had not been available previously. For example, although
PharmChem's first sample from the Kansas area was received in 1977,
the number of cases seen by the District Attorney's Office in
Plathe, Kansas, had doubled during that vyear.

Recently PHP 1-(l-phenylcyclohexyl)pyrrolidine was identified on
autopsy in the body of an individual who was shot and killed by

a police officer in Los Angeles - the first documented street ap-
pearance of this analog.

Demography - Epidemiology of Illicit Use

A dearth of literature exists on the nature and extent of use of
phencyclidine and its 30+ analogs. The major Federal sources for
determining changes in emerging drug trends are the Client Oriented
Data Acquisition Process (CODAP), the Drug Abuse Warning Network
(DAWN), and the National Youth Polydrug Study (NYPS).

The CODAP system provides the largest available national data
base of patients in treatment. All drug abuse treatment and re-
habilitation programs receiving Federal funds are required to
collect and report data.

Drugs of abuse are divided into 14 categories. Phencyclidine is
classified incorrectly as a hallucinogen, with LSD, mescaline,

MDA, DMT, musuhrooms, peyote, and other drugs. Since CODAP has no
flexibility in identifying and analyzing phencyclidine independently
from the other drugs, this data source is not useful for our pur-
poses.

The DAWN system has been in operation since the spring of 1973.
Hospital emergency rooms and inpatient units, crisis centers and
medical examiners (coroners) in 24 selected Standard Metropolitan
Statistical Areas (SMSA's) are contracted to report incidents of
adverse drug reactions to the DAWN central office. In each report,
the victim's age, sex, race, employment and treatment status are
noted, as well as the drug used, the route of administration, the
source of the drug, and the form in which it was acquired.

DAWN data, however, includes only those phencyclidine users who

hadadversereactions that required agency intervention. There

is no record of the user who ingests phencyclidine without an ad-
verse reactionor who handled such a reaction without agency in-
tervention.

Also, the DAWN data are collected only in the major SMSA's. As an
example, in California, DAWN data are collected only for the Los
Angeles, San Francisco - Oakland and San Diego areas. Data are not
available fran 51 of California's 58 counties. Even within these
reporting counties the DAWN reporting system- emergency rooms,
inpatient units and crisis centers - is not complete. That is,
within these communities many phencyclidine-related problems are
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treated that are never reported to DAWN.

Those phencyclidine cases which are reported frequently lack com-
plete information. The victims are often not in sufficiently
stable condition to respond properly to questions and are not
commonly reinterviewed upon recovery.

Fran September 1972 through March 1973, phencyclidine was ranked
as the twenty-third most abused drug in the DAWN system. During
the period fran April 1973 through March 1974, it rose to the
twenty-first position. By the following year, April 1974 through
April 1975, phenyclidine use had increased to the fifth position.
For the reporting period from May 1975 through April 1976, phen-
cyclidine continued to rank overall as the sixteenth most fre-
quently abused drug. For the youth population between 12 and 18
years of age, however, it was in tenth place.

For this youth population between February and May 1976, there
were 294 patients treated in emergency rooms, 330 patients seen

in crisis centers, and 2 patients seem by coroners. During the
same period phencyclidine ranked as the eleventh most frequently
abused drug in Philadelphia and Washington, D.C.; seventh in
Chicago and Cleveland; fifth in Minneapolis and Los Angeles; fourth
in Detroit; and first in the San Francisco - Oakland area.

White males (61 percent) are twice as likely as white females

(32 percent) to report to DAWN emergency room. For crisis centers,
however, white males and females are reported at approximately the
same rate, 42 percent. The use of phencyclidine by minorities ac-
counts for only 6 percent of the mentions from crisis centers and

7T percent from emergency rooms.

Ninety-one percent of phencyclidine users seen in crisis centers
reported their source as a "street buy," whereas with emergency
rooms only 49 percent reported "street buys" as their source.

The prime motivation for phencyclidine use among patients seen in
both crisis centers and emergency rooms is for the "psychic ef-
fects," which account for 73 percent of the mentions. Phencyclidine
users from the crisis centers are much more prone (28 percent) to
report dependence as their motivation than are the users from
emergency rooms (2 percent).

Crisis centers data indicate that the age group of 12 to 13 years
for white females seems to be at particularly high risk. Further-
more, 42 percent of the phencyclidine mentions in this age group

reported dependence as their prim motivation for use.

Fran September 1976 to March 1977, youth from 12 to 18 years of age
were interviewed on admission for drug treatment as part of the
NYPS. In all, 2750 patients from 97 treatment program in 39 States
participated in this study.

These patients represented a national sample of youth in treatment
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from all regions, and from the major treatment modalities. They
were sampled selectively for sex, race, and ethnic grouping by
geographic region. Information contained in this new data base is
the most comprehensive data available on youthful abusers.

There is a high degree of similarity between the NYPS sample and
the CODAP youth subsample. Hence, information obtained from the
NYPS on drugs of abuse such as phencyclidine that are not reported
separately in CODAP may now best estimated using this new data source.

PCP Use Within the NYPS Sample

Of the 2750 clients under 19 years of age in the NYPS sample, 857
(31.8 percent) reported having ever used PCP, with 561 reporting
the use of PCP during the three months prior to admission. The
prevalence of PCP in this sample is the highest reported in any
national sample for adults or for youth. PCP ranked seventh in
prevalence among the fourteen types of drugs in the sample, and
it was abused more frequently than many other well known substances
such as inhalants (abused by 28.9 percent of the sample), other
sedatives (abused by 28.8 percent), or cocaine (abused by 25.8
percent). A comparison of PCP users with clients who never used
PCP (see Table 3) indicates that similar proportions of both males
and females use PCP (32 percent); that proportionately more whites
use it than other racial groups (42 percent of whites compared to
8 percent of blacks, 13 percent of American Indians, and 9 percent
of Hispanics); that PCP use is more frequent in the suburbs (44.1
percent of all suburban clients compared with about 30 percent
from urban and rural settings); that PCP users are slightly older
at admission, with somewhat more years of education and have a
higher Socio-Econcmic Status than users of other drugs.

Frequency of Use of PCP. Among the 561 current users of PCP (see
Table 4) approximately 50 percent were found to be using it at an
average frequency of at least once per week during the three months
prior to admission.

The Onset of PCP use. The man age of first PCP use was 14.6 years
of age and the mean age of first continuous use was 14.8 years.
Females reported the earlier mean age of first use for PCP: 14.4
years compared to 14.7 years for males. This finding is consistent
with most other drug types in this study (except alcohol, marihuana,
and inhalants).

In the comparison of age of first use of PCP across ethnic groups,
American Indians were noted to have the earliest mean age of first
use (13.89) closely followed by Hispanics (14.00). (The number of
PCP users in these two groups, however,was too small to draw any
inferences.) Whites reported the third earliest age of PCP use
with a man of 14.58, and blacks were the oldest (15.25).

Regional Distribution of PCP Use. The National Youth Polydrug Study
divided the United States into seven sampling regions. It should
be stated that the sample was not stratified by region, which mans
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COMPARISON OF SUBJECTS WHO
PCP, ON DEMOGRAPHIC AND BACKGROUND CHARACTERISTICS

TABLE 3

“EVER USED”

WITH THOSE WHO

“NEVER USED”

used PCP Did not use PCP Total

sex

Males 534 (31.9%) 1138 (68.1%) 1672 (100%)
Females 336 (31.6%) 725 (68.4%) 1061 (100%)
X%- lozas.

dfs =1
Race

White 784  (42) 1068 (58) 1852 (100%)
Black 33 (8) 354 (92) 387 (100%)
American Indian 18 (13) 116 (87) 134  (100%)
Hispanic 27 (9) 274 (91) 301 (100%)
:(2 = 282.3

dfs = 3

p<.0001
Residence

Urban 544  (29.9) 1274  (70.1) 1818 (100%)

Suburban 194  (44.1) 246 (55.9) 440 (100%)
Rural and

Small Town 131 (29.6) 312 (70.4) 643 (100%)
X

dfs = 5

p<.001

X  s.D. N x  S.D. t p<

Age 16.2 1.4 875 15.8 1.3 .1 .001
Education 9.4 2.6 873 9.0 2.5 .7 .001
Socioeconomic
status 45. 13.8 875 41. 15.1 .6 .001
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TABLE 4

CURRENT FREQUENCY* OF PCP USE BY SUBJECTS
CURRENTLY USING PCP

o\

N

Less than once a month 97 17.3
Once a month 69 12.3
Two to three times a month 112 20.0
Once a week 83 14.8
Two to three times a week 99 17.6
Four to six times a week 28 5.0
Daily 41 7.3
Twice a day 12 2.1
Three or more times a day 20 3.6
TOTAL 561 100.

* "Current" frequency is defined as the average frequency of use
during three-month period before admission
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the proportion of the youth population in treatment in each region
was not a criterion for inclusion in the sample. It may be that
certain states are overrepresented in proportion to their popula-
tion, e.g., the relatively large number of cases in the sample
from Illinois and Florida. Conversely, we know from the DAWN
system that the San Francisco Bay area is one of the centers of
PCP use, and is underrepresented in this sample.

The regional prevalence of PCP in the NYPS sample indicates that
the Great Lakes and the Midwest regions show the highest rate of
PCP use with 46.6 percent (N = 270) and 46.4 percent (N = 116) of
each region's clients ever using PCP. Since the number of clients
from these regions is fairly large and these clients were adimitted
to 29 different treatment programs these data seem to be a valid
representation of PCP use in these regions. They exceed the rates
reported in DAWN and probably reflect the increased trend of PCP
use among youth during the past two years. Other regions show PCP
to be used by 31.5 percent of the clients from the Southeast

(N = 153); by 27.2 percent of the clients from the West Coast; by
24.2 percent of clients from the Northeast; and by 23.8 percent of
clients from the Southwest.

The PCP User vs. the Nonuser. Perhaps one of the most notable
differences those who ever used PCP and those who did not
is the greater involvement of the PCP users in polydrug abuse: PCP
users reported using twice as many substances as the nonuser of PCP,
with PCP users reporting a mean of 6.0 substances ever used (S.D. =
2.6), while nonusers of PCP reported a mean of 2.8 substances ever
used (S.D. = 1.8), (t = 33.4, p < .0001). PCP users also reported
a higher mean number of drugs used during the three months prior
to admission to treatment: 5.8 substances (S.D. = 2.6) compared to
a man of 2.6 substances (S.D. = 1.8) by nonusers of PCP (t = 28.1,
p < .0001). Thus, for this youth population seeking treatment for
drug abuse, PCP use is an integral part of a larger polydrug abuse
problem that is more serious and complex than for the nonuser of
PCP.

It is of particular interest that not a single subject who used PCP
in this study used only this substance. All PCP users used other
substances either at other times or concurrently with PCP. Almost
all of them users used marihuana: 99.5 percent. other drugs
reported used by PCP users were: alcohol (by 97.7 percent of PCP
users); hashish (by 77.8 percent of PCP users): amphetamine (75.8
percent); hallucinogens (72.2 percent). Aside from alcohol and
marihuana, which are almost universally used in this sample, and
aside from hashish, PCP is next most often used by users of ampheta-
mines and hallucinogens.

When looking at the use of multiple drugs from the other direction,
we find that the users of other sedatives (61.7 percent), over-the-
counter drugs (61.6 percent) and other opiates (61.1 percent) were
most likely also to have ever used PCP.
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A Profile of the PCP User

A correlational profile of the PCP user was developed from analysis
in which PCP use was correlated with each of 33 demographic, social
history, and background variables. A three points scale measure was
utilized for PCP use, as follows: a score of 1 was assigned for no
PCP use, a score of 2 for irregular PCP use, and a score of 3 for
reqgular PCP use. Table 5 presents the list of the 18 variables
(from among the 33) which had a bi-variate correlational value of
+ .10 or greater with PCP use. The profileof the PCP users (com-
pared to the nonusers), which was derived from this analysis, is

as follows, (listing the descriptors in rank order of magnitude of
the correlation): (1) used regularly a greater number of different
drugs; (2) white; (3) more often took more than one drug at a time
(in combination) "to boost, balance or counteract the effects" of
one drug; (4) became drunk from drinking alcohol more often; (5)
had more arrests for substance related offenses; (6) were picked up
more times by the police; (7) had more overdose episodes (OD's);

(8) reported more obstacles to school attendance; (9) had more
arrests for violent and weapons offenses; (10) listed more types
of problems as reasons for contacting a treatment program; (11)
more arrests for property offenses; (12) higher socio-economic
status; (13) older; (14) adjudicated delinquent; (15) tended to
reside in suburbia; (16) more often was admitted to treatment in
hospitals and residential settings than to outpatient settings:

(17) more often made suicidal attempts; and (18) less often were
referred to treatment by peers.

Predicting "Reqular" use of PCP. The variables employed in con-
structing the profile of the PCP users were also used to "predict"
regular use of PCP. Clients were divided into two groups, regular
PCP users (those using PCP at least once a week for a period of
at least one month) and those who did not use PCP at all. Clients
who had used PCP minimally, but never at a frequency of at least
once per week for a period of one month, were excluded from this
analysis. The analysis was composed of two steps: first, a bi-
variate correlation of all the variables includied in the analysis;
second, a step-wise multiple regression in which the dependent
variable is the reqular use of PCP and the independent variables
are a subset of the variables appearing in the correlation.

The bivariate correlation of the variables employed to predict
reqular PCP use showed that the strongest association of regular
use of PCP is the number of substances reqularly used ("Regsum"):
r = .63. Since it seems reasonable to consider the relationship
of demographic and other variables to PCP use separately from the
question of how many other drugs the subject has used, we did not
include this variable, "Regsum," in the equation of the step-wise
multiple regression. The other background variables accounted for
16.8 percent of the variance in the differentiation of the regular
PCP users from the nonusers (see Table 6). It might, thus, be said
that it provides only one-sixth of the information that would be
needed to "predict" accurately regular PCP use. The rank order of
these variables, according to their relative abilities to "predict"
to reqular PCP use is as follows: (1) Race, (being white), ac-
counts for 9.1 percent of the variance; (2) "the number of times
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TABLE 5
CORRELATIONS OF CLIENT DESCRIPTORS WITH REGULAR USE OF PCP

Correlation With
Reqular PCP Use

Number of drugs reqularly used .63
Race (white) 31
Used more than one drug at a time .31
Number of times Dbecame drunk .22
Number of arrests for drug offenses .19
Number of 0.D.'s .18
Number of times "picked up" by the poice .18
Number of obstacles to school attendance .17

Listed more types of problems as reasons
for entering treatment .16

Number of arrests for violent and

weapons offenses .16
Socioeconomic status 14
Number of arrests for property offenses .14
Age of admission .12
Adjudicated delinquent .12
Treatment program located in the suburbs 11

Admitted to outpatient drug

treatment program -.11
Referred to treatment by peers -.10
Number of suicide attempts .10
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TABLE 6

THE REGRESSION OF DEMOGRAPHIC AND OTHER HISTORY VARIABLES
ON REGULAR USE OF PCP
(STEP-WISE MULTIPLE REGRESSION PROGRAM)
(DEPENDENT CRITERION VARIABLE: REGULAR USE OF PCP)

Variable Beta Significance Variance (Rzl Simple
Race (1 = white; 0 = other) .22 p = .0001 091 30
Frequency of Getting Drunk 12 p = .0001 025 .22
# of 0.D.'s W1 p = .0001 .02 .18
#fgte%%satnageles £o School 12 p = .0001 012 .17
Age .08 p = .0001 .004 12
Suburban (10 - E]E%Igr)the suburbs .06 p = .001 .004 A1
Referred by Peer -.06 p = .002 .002 -.10
Socio Economic Status .03 p= .20 001 .13
Months Employed Last Two Years .02 p = .21 .001 11
Death of a Parental Figure -.03 p = .13 .001 -.03
Int(%ct: bﬁr&%gr Sltrilc%;:(r)ien) -.02 p=.20 .001 -.02
Sex .02 p=.37 - .00
# of Suicide Attempts .01 p= .68 - .09
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the client got drunk" was the next variable in the equation, and
added 2.5 percent to the explained variance, after controlling for
race; (3) the number of OD's added 2.0 percent to the explained
variance, after controlling for the two previously indicated vari-
ables; (4) "the number of obstacles to school attendance" added
1.2 percent to the explained variance, after controlling for the
above-listed variables: (5) age added 1 percent; (6) suburban resi-
dence (versus living in an urban or rural location) added .4 per-
cent.

The variables that did not enter into the equation to a statistic-
ally significant degree in explaining or predicting regular PCP
use were sex, socioeconomic status, education, the number of months
employed in the last two years, intactness of the family, and the
number of suicide attempts. Some of these variables did not enter
into the equation since they are significantly correlated with
variables that had already been entered into the regression equa-
tion. For example, SES and employment are related to being white
(race) and living in the suburbs (residence). Suicide attempts
may have been excluded from the equation since they are correlated
with OD's (r = .15). FEducation, which is highly related to age,
was not included in the regression for the same reason. However,
the sex variable was excluded from the regression equation because
it was not associated with reqgular use of PCP; there is no differ-
ence between the sexes in their predisposition to be regular users
OF PCP.

The PCP User in the NYPS-A Summary. The above review of PCP use
in the NYPS indicates that the spread of this substance into the
youth population occurs primarily among the white suburban popula-
tion and that PCP has not as yet reached the same level of use
within the inner city or among the underprivileged minorities. PCP
is being added to an already existing pattern of multiple substance
use and is not used by youth who do not use other drugs.

Two thirds of those young clients in the NYPS sample who ever tried
PCP used it at least weekly. PCP is likely to be used by clients
who have a previous history of treatment either for substance use
or emotional problems. Self-destructive behavior is also much more
prevalent among the PCP users as compared with nonusers of PCP.

The PCP users were also found to have a more extensive involvement
in the criminal justice system and more dysfunction in the education
system. Lastly, the PCP users were found to be characterized by
their low level of heroin use. Whether the dependence of adults on
heroin is also associated with a lower prevalence of PCP, as found
among youth, is yet to be determined.

Hospital-Based Youth Study
The authors conducted a study of 179 youthful (age 12 - 18 vyears)
phencyclidine users seen at one county hospital in the San Francisco

Oakland area between 1968 and 1976.

During the eight year period the majority of these patients (76.3
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percent) were males, with a mean age of 16.8 years. The races
represented were 96.1 percent Caucasian, 2.8 percent black and
.6 percent Asian.

A large proportion of these patients were transported to the hos-
pital by public transportation. The majority were brought to the
emergency room by police vehicle (43.0 percent) or ambulance (31.8
percent). In most cases these patients were accompanied by police
(39.1 percent), emergency service attendants (32.4 percent), per-
ents (11.7 percent), friends (5.0 percent) and rarely by drug
treament staff (2.8 percent).

Reasons for hospital contact were primarily treatment (75.4 per-
cent), a medical check for juvenile hall (12.3 percent), public
service evaluation (4.5 percent), or a medical check for police
(3.9 percent). In most cases these phencyclidine users were re-
tained for observation (43.6 percent), admitted to the emergency
room (35.2 percent), or admitted to a service (2.2 percent). Only
16.8 pat-cent of these patients were immediately checked and re-
leased.

At the time of hospital contact, about half (49.2 percent) of the
patients were disoriented, a third (31.8 percent) were uncoopera-
tive, and a quarter (26.8 percent) were either awake with decreased
consciousness or were stuporous or comatose.

The majority of these patients (80.4 percent) had taken only phen-
cyclidine prior to hospital presentation. The most popular sub-
stance taken in combination with phencyclidine was alcohol (15.1
percent), followed by barbiturates (1.1 percent).

Among this youthful population, a quarter (24.0 percent) were
chronic users of phencyclidine. These patients qualified as chronic
users by having taken phencyclidine on a regular basis for greater
than a six month period with multiple hospital admissions for phen-
cyclidine-related problems. The vyoungest chronic user was a 15-
year-old female.

Similarities in Drug Study Findings

A number of consistent patterns appear from an analysis of the
data from the DAWN, NYPS, and the authors studies' on phencyclidine.

There 1is an overrepresentation of Caucasians among phencyclidine
users, accounting for more than 90 percent of all identified pa-
tients. This trend is observed in all of the major data sources.
However, it should be noted that in certain geographic areas
phencyclidine use appears to be limited to other specific groups,
such as blacks (Washington, D.C., Watts) and Mexican Americans
(San Jose).

The majority of the individuals report the "psychic effects" as

their primary reason for continued use of phencyclidine. Among
all individuals exposed to this drug, approximately 23 percent
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become chronic users. Males represent the highest number of chronic
users as well as hospital emergency room contacts for problems re-
lated to phencyclidine.

Phencyclidine users utilize and apparently need more medical treat-
mentservices than other drug users.

Problems Seen Where Phencyclidine is Continuously Available

As the availability of phencyclidine increases in a commnity, there
is a direct relationship with the number of emergency room contacts
and community problems such as driving under the influence and vio-
lent and bizarre behavior - behavioral toxicity.

In San Jose, California, the police department has gathered data on
seizures of phencyclidine for the past three years. During the
first quarter of 1975 (January - March), 69.7 grams of phencyclidine
were confiscated. The following year during the same period, 125.1
grams of illegal material were collected. For the first quarter
of 1977, 3,951 grams of phencyclidine have been recovered.

In 1976 for the first quarter there were 69 patients treated for
phencyclidine-related problems; in 1977, 100 patients were seen
during this same period.

New problems have surfaced in communities (Alameda, Santa Clara,
and Los Angeles) in direct proportion to the frequency and regqular-
ity of phencyclidine abuse. Violent and bizarre behavior is seen
in the home, in public places, and in schools, often disrupting
education. Young people exhibit unexplained speech problems, men-
ory loss, thinking disorders, personality changes, anxiety, severe
depression, and suicidal and homicidal tendencies.

An increasing number of young people appearing violent, bizarre,
unresponsive, extremely confused, or acutely psychotic are being
seen in local emergency rooms. With increased use of phencyclidine,
an upsurge in violent crimes that culminate in homicide is observed.

Police report erratic driving and inappropriate behavior following
automobile accidents in individuals who have no apparent evidence
of alcohol or sedative hypnotic ingestion. On toxicological exam-
ination only the isolated presence of phencyclidine is often dis-
covered.

Young people who are observed to be highly intoxicated in public
are often arrested for sale, possession, and being under the in-
fluence of phencyclidine. In addition, an increasing number of re-
ferrals by family, friends, and the criminal justice system are made
to community drug abuse programs in an effort to deal with this new
drug problem.

The following are typical cases that illustrate the problems seen
in youth on phencyclidine.
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CASE 1

A 15-year-old Caucasian male with no clothes on was found by police
in a field, hanging on to a barbed wire fence. He was disoriented
and incoherent wupon questioning. A physical examination revealed

a confused, disoriented youth with inflamed eyes, bloody mouth with
an upper incisor missing, multiple scratches of the trunk, and
scratches and lacerations of extremities. Fluctuations in orienta-
tion were observed over the next seven hours ranging from coopera-
tive and alert to unrousable. Prior to being discharged the patient
stated that he had "smoked some phencyclidine and got awfully
stoned."

CASE 2

A 17-year old Caucasian male arrested by police had allegedly in-
gested several phencyclidine joints, and over a 1 hour 45 minute
period became progressively uncommunicative and withdrawn. The
youth was transported from jail to a local emergency room. On ad-
mission he was observed lying quietly, eyes wide open, with a broad
smile on his face. Although responsive to commands, he was only
able to mouth words rather than speak. When given ipecac, he
vomited green parsley flakes. Over the next six hours he alternated
between quietly staring at the ceiling and being abusive, agitated,
combative, and fighting restraints. Upon regaining normal orien-
tation, he was observed for two additional hours and released.

CASE 3

An 18-year old Caucasian male ingested tablets and capsules in his
possession prior to a police traffic stop. Immediately after the
officers departed he was driven to an apartment where the other
occupants of the automobile induced vomiting of what they believed
was all of the ingested material. Later he began screaming and
having convulsions. He was driven to a local hospital where he
was pronounced dead on arrival. The coroner ruled that death was
caused by aspiration of gastric contents due to phencyclidine in-
gestion. Phencyclidine (urine level of 0.5 mg/ml) was the only
drug found on toxicological examination.

CASE 4

A 15-year old Caucasian male reported to be "out of hand" was seen
at a local medical center for bizarre behavior. He had been in-
volved with drugs and talked about "getting it all over." Later
that month, he was found hanging by an electrical cord from a

beam in his garage. Toxicological examination revealed a phen-
cyclidine blood level of 0.10 mg/ml. No other drugs were detected.

CASE 5
During the summer a youth gave a pool party while his parents were

away on vacation. A 17-year old Caucasian female gquest was dis-
coveredatthe bottom of the swimming pool. Post mortem examination
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revealed no head or neck trauma and the isolated presence of phen-
cyclidine in the urine (0.5 mg/ml).

CASE 6

Distressed over a college setback, a 17-year old Caucasian male
snorted phencyclidine for the first time, with friends. He lost
consciousness, becoming apneic and cyanotic. On admission to the
emergency room this 