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Preface 

The description of the pharmacology of psychotomimetics, cannabis, and alcohol in 
this third volume concludes the discussion on psychotropic agents. 

As psychomotor stimulants these groups of psychotropic agents are of little or no 
therapeutic relevance, but since they are used in a nonmedical manner, or are even 
considered by some groups of the population as social commodities, their behavioral 
effects and psychopharmacological properties are not the concern of the pharmacol
ogist alone. The same is true of psychotomimetics, as well as cannabis and its 
components. Psychotomimetics have a social history going back many hundreds of 
years and are among the most potent psychotropic agents known to man. 

The closing description of psychopharmacology also deals with the psychotropic 
effects of a number of drugs not primarily considered to be psychotropic. Their 
psychotropic effects are either an inherent constituent of their therapeutic profile, as is 
the case with opiates, hypnotics, and caffeine, or they may occur indirectly as side 
effects or accompanying effects during therapy. This applies to p-adrenoreceptor 
antagonists and anticholinergics. 

The editors are also aware that a description of psychotropic agents would not 
have been complete without discussing the medical, ethical, and legal aspects of the 
development, clinical testing, and use of such drugs. 

Conscious of the fact that it is almost impossible to describe and discuss 
psychopharmacology completely, the editors express the hope that those topics of 
major importance have been included. It would not have been possible to compile the 
three volumes on psychotropic agents without the cooperation of numerous scientists 
from all over the world. Therfore, the editors would like to express their gratitude to all 
those who cooperated in making it possible to publish those three volumes. 

Wuppertal/Berlin F. HOFFMEISTER' G. STILLE 
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CHAPTER I 

Chemistry of Psychotomimetics 

A. T. SHULGIN 

A. Introduction 
A presentation and discussion of the psychotomimetic drugs in a handbook concern
ed with psychotropic agents must, at the onset, emphasize the several properties that 
make this class of materials unique. 

Most psychotropic drugs are intended to be either curative or cosmetic. They may 
be used to reverse a pathologic mental state, or they may be intended to alleviate a 
persistent symptom which, in turn, might then allow some normal repair process to 
take effect. In either case, treatment is provided a patient who shows some psycholog
ical inadequacy with the intent of normalization. The psychotomimetics, on the other 
hand, are generally studied in subjects who have good psychological balance. To the 
extent that the effects are considered disruptive, the rationale of research is the gen
eration of an intoxication that bears some superficial resemblance to a psychosis. 
When such a transient and reversible "model psychosis" is produced, biochemical and 
psychological changes can both be observed. But to the extent that the effects are con
sidered constructive, there are benefits to be found in the areas of insight, changes of 
motivation, self-analysis, entertainment, and even simply escape. These results may 
be effected through a process of disorganization and reorganization, by a sensory 
elaboration such as visual or auditory enhancement, or by intense reverie or fantasy. 
There has been only limited experimentation with these drugs in the treatment of 
pathologic states, and so there has been little recognition of any potential medical util
ity. This limitation, along with a generalized abuse potential inherent in such drugs, 
has led to severe legal classifications which have, paradoxically, further restricted hu
man experimentation. This latter point is exacerbated by another unique property. 
The effects that are observed such as changes in interpretation, in insight, and in com
municability, can be assayed only in man. At the present time, no assays or behavioral 
tests in animals exist that allow satisfactory prediction of the qualitative nature of a 
new and unexplored psychotomimetic drug. 

Thus, this group of drugs stands apart from the remainder of the psychotropic 
drugs and must be discussed in terms other than those of neuropathy, pathology, and 
related clinical presentations. Rather, a generalized chemical subdivision will be made 
predicated upon structure and grouped with reference to the principal neurotransmit
ters. Functional relationships with these endogenous factors are still controversial. 

I. Terminology 

A number of names are currently in use to identify this group of drugs. "Psychotomi
metic," the adjective used in this chapter, literally means psychosis-imitating. In the 
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early work with these materials, it was believed that they led to an authentic psychotic 
state and might be of value in the search for endogenous psychotoxins or in biochem
ical unbalances that might he correlated with such mental states. To a clinician who 
interacts with mentally ill patients, these experiences might increase both understand
ing and compassion if he were to experience within himself the "psychotomimetic" 
syndrome. This concept fell into complete disrepute a decade ago, but today it has a 
balanced acceptability. The name remains neutral and medically unbiased and will be 
used in this chapter. The term "hallucinogen" is widely used, but it implies that the 
generation of hallucinations is a general property and, in fact, synthetic imagery of 
undocumentable origins is a rare property of these drugs. A third term, also widely 
used, is "psychedelic", which was coined in the mid-1960s to indicate mind-manifest
ing or mind-expanding properties. The term, however, has become associated with the 
broad and occasionally irresponsible popular use of these drugs. It is rarely seen in 
the medical and scientific literature due to the connotation of both condoning and en
couraging paramedical use. The term "psychodysleptic" has been routinely employed 
in Europe for drugs of this classification to emphasize similarities to the psycholeptics 
(mood depressants) and psychoanaleptics (mood stimulators). A host of other terms 
proposed over the years (e.g., phantastica, delirients, schizogens, eidetikas, etc.) have 
historic interest but have never found wide acceptance. 

II. Methods of Assay 

Three broad areas of scientific discipline have been employed to rank and to attempt 
to explain the quantitative nature ofthe psychotomimetic drugs. The molecular struc
tures of the active drugs themselves have been dissected and interpreted in completely 
physical terms; the materials have been titrated in animal models in a search for be
havioral correlates that might relate to human activity; and most precisely, they have 
been studied in clinical experiments using humans. 

The physical approach to explanations of biologic activity has been exclusively 
concerned with the geometry and measurable properties of the chemicals themselves. 
Intramolecular hydrogen bonding is a measurable property that can explain stabiliza
tion of unusual conformations (SMYTffiES et aI., 1970), and it is widely felt that in the 
case of bifunctional molecules, the establishment of parameters, such as the separa
tion of charged sites, might allow some definition of sites of action (KELLEY and 
ADAMSON, 1973). The natural molecular configuration of psychotomimetics can be 
determined using X-ray crystallography (BAKER et aI., 1973), but these data are ob
tained from solid samples, whereas these drugs are, by definition, only active in solu
tion. Computer calculations of orbital charge densities and charge distributions (SNY
DER and MERRIL, 1965) have been correlated with potency, as have empirical measure
ments such as partition coefficients (BARFKNECHT et aI., 1975) and strengths of charge 
transfer complexes (SUNG and PARKER, 1972). Such properties are, in general, simple 
to measure or calculate precisely, but successful generalizations have been restricted 
to studies of small classes of closely related drugs. There has been no successful extra
polation to new chemicals. 

Biologic titration in animal models has given a wider correlation, but one which 
still lacks behavioral logic. In vitro experiments have concentrated largely on inter
actions of selected psychotomimetics with neurotransmitters. Their agonist or antag-



Chemistry of Psychotomimetics 5 

onist action on serotoninergic, dopaminergic, or cholinergic preparations often corre
lates closely with their relative potency in man, but a causal explanation for their ac
tion is not yet satisfactory. A number of in vivo tests have been developed, such as 
field behavior (BRIMBLECOMBE, 1963) and interference with conditioned responses in 
rats (SMYTInES et aI., 1969; TILSON and SPARBER, 1973), head twitching (CORNE and 
PICKERING, 1967) and interference with nest-building behavior of mice (SCHNEIDER 
and CHENOWETII, 1970), and the development of bizarre action patterns in cats (BE
NINGTON et aI., 1958; JACOBS et aI., 1977). None of these behavior patterns can be rea
sonably associated with the subtle effects of these drugs in man. An instructive ex
ample is the measure of psychotomimetic drugs on the body temperature of rabbits. 
In rectal hyperthermia measurements, a positive correlation between body tempera
ture and psychotomimetic potency has been found to encompass drugs varying widely 
in chemical type, from the least potent (mescaline) to the most potent (LSD) (ALDOUS 
et aI., 1974). Two recent critical analyses of these several behavioral systems (SILVA 
and CAUL, 1975; KUHN et aI., 1977) have discussed their limited value. 

A final weakness of many of these in vivo studies is that the level of drug used is 
often near a lethal dose for the species in question, and the responses observed may 
well be compounded by changes in the vital processes themselves. 

The most reliable measure of the psychotomimetic character of a drug, but the 
most difficult to obtain, comes from clinical studies on human subjects. These are 
both ethically and legally difficult to perform. The ethical considerations involve the 
necessity of enlisting normal volunteers in good mental health, who must consent to 
a study wherein there will certainly be some disruption of this "normal" status. The 
classic requirements of a double-blind study, i.e., that the capsule with the active drug 
and the subject to whom it is given should be unknown to both the subject and the 
experimenter, are inapplicable. When the expected actions are those that embrace 
subtleties such as insight and interpretation of sensory integrity, it is obligatory to ad
vise the subject of these possibilities, and the concept of "double-conscious" has 
gained acceptance (ALLES, 1959; SHULGIN et aI., 1969). This implies a knowledge on 
the part of both the experimenter and the subject of the nature and the extent of psy
chological changes that might be expected. The legal complications result from the 
passage of statutes (at least in the United States) that effectively prohibit research with 
scheduled drugs (i.e., those with no recognized medical utility) in human subjects, 
without extensive approval and permission. New psychotomimetic drugs, those that 
are not legally recognized, can be studied with fewer restrictions, but the therapeutic 
potential of the better known materials will remain unexploited within the present 
structure. 

III. Classification 

The central action of the psychotomimetic drugs requires, by definition, that they ex
press their effects by interference with the several neurotransmitters known to be of 
primary importance in the regulation and function of the central nervous system. 
There are a number of major neurotransmitters, directly or indirectly involved in the 
sensory, affective, and cognitive processes, any and all of which can be shown to be 
interfered with during the action of a psychotomimetic drug. The highest concen
trations of serotonin are found in the brain stem and the hypothalamus. Destruction 
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of the raphe system (rich in serotoninergic fibers) leads to sleeplessness in experimen
tal animals, whereas the pharmacologic depletion of serotonin in the hypothalamus 
leads to sedation. This neurotransmitter, in these areas, appears to integrate the mech
anisms that are associated with reactivity to external stimuli and that are reflected in 
the parasympathetic branch of the autonomic nervous system. The catecholamines, 
specifically dopamine and norepinephrine and to a lesser extent epinephrine, are also 
widely distributed in the brain, dopamine being most concentrated in the basic ganglia 
and norepinephrine, again largely in the hypothalamus. It is still unclear if any ofthese 
bases actually plays a primary role in neurotransmission in the brain, but certainly 
they act as regulators of synaptic transmission. The role of acetylcholine in the acti
vation of cholinergic neurons is well established in brain neurochemistry, and it may 
well be these synaptic junctions that are modulated by the catecholamines and 
serotonin. GABA (y-aminobutyric acid) has recently been accepted as a neurotrans
mitter playing an inhibitory role within the eNS. It, too, has agonists that will be dis
cussed here. 

It is convenient to arrange most of the known psychotomimetics into groups that 
appear to be chemically related to each of these neurotransmitters. It is appealing to 
think that each psychotomimetic drug might have some particular selectivity for the 
transmitter that it resembles (i.e., LSD for serotonin, both indoles; and mescaline for 
dopamine, both phenethylamines), but research has not allowed any such simple ex
planation of activity. Total brain biochemistry is an intricate interbalance of many 
neuronal amines working in concert, and it is this homeostasis that is disrupted by the 
administration of a psychotomimetic drug. In this chapter, the various psychotomi
metics will be grouped on the basis of a resemblance of their structures to those of 
the neurotransmitters, but there should be no inference that these natural hormones 
are specifically or uniquely involved in the mechanism of action. These mechanisms, 
in the present state of pharmacology, are still largely unknown. 

B. Psychotomimetics Structurally Related to Serotonin 

Serotonin (1) contains an indole nucleus (2), which is substituted on the 3-position 
with a p-aminoethyl side chain, and on the 5-position with a hydroxyl group. The par
ent base of serotonin is tryptamine [(3-p-aminoethyl)indole] (3), and this structural 
moiety is found in a large number of psychotomimetic drugs. These will be presented 

H0'(c)NHZ 

~ I I 
N 
H 

(l) Serotonin 

4 

:(§:]: 
7 N 

H 

(2) Indole 

in three subgroups: those that are indoles with chemical modifications on the chain 
nitrogen and/or on the aromatic ring; those that have the p-aminoethyl group brought 
into the form of a third ring system; and those that contain yet additional rings and 
structural complexity. 
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I. Indoles 

All of the psychotomimetic indoles are substituted derivatives of tryptamine (3) with 
substituents located at one or more of the following locations: the aliphatic nitrogen, 
the aromatic ring, or the aliphatic chain (X-position. These are indicated as areas (a), 
(b), and (c) in (3). Several drugs are known to be substituted in more than one loca
tion. 

(b) ~ 

~' NHz 

~ I I '({)' 
N 
H 

R4~3 N(:: 
'- I I R 
"N 5 

H 
(3) Tryptamine (4) Substituted tryptamine 

1. Nitrogen-Substituted Tryptamine Derivatives 

The N-substituted tryptamines that are known to be psychotomimetic are listed in 
Table 1. All are symmetrically disubstituted with aliphatic groups, and all are of ap
proximately the same potency, active in man at between 60 and 100 mg. The simplest 
member, N,N-dimethyltryptamine (DMT, 4a) is known in nature, being a major 
alkaloid in a number of New World snuffs. It is rapidly deaminated in vivo following 
oral administration and so must be used parenterally or in admixture with an effective 
deaminase enzyme inhibitor. It has an unusually rapid onset of action (apparent 
within a minute or two following smoking or injection), and the effects are largely dis
sipated within an hour of administration. The diethyl homologue (D ET, 4 b) is slightly 
longer lived in action, and the higher homologues (4 c, 4 d, 4 e) are separate in that they 
are active orally. DPT (4c) is of potential clinical use due to its rather abrupt termi
nation of effect (GROF et aI., 1973). 

2. Ring-Substituted Tryptamine Derivatives 

Psychotomimetic tryptamine derivatives are known in which there are oxygen substi
tuents at either position 4 or position 5 of the indole nucleus, and in most cases the 
basic amine function is dialkylated. 

The tryptamine analogues with an oxygen function in the 4-position of the indole 
ring (4 f-4 k) are all orally active and appreciably more potent than the parent refer-

Table 1. Nitrogen-substituted tryptamines (4) R3, R4, Rs = H 

Compound Rl R2 Potency Reference 
relative to 
DMT=1 

4a DMT -CH3 -CH3 1 SZARA (1956) 
4b DET -CH2CH3 -CH2CH3 1 SZARA (1957) 
4c DPT n-C3H7 n-C3H7 1 FAILLACE et al. (1967) 

SosKIN et al. (1973) 
4d DIPT i-C3H7 i-C3H7 1.5 SHULGIN (1976) 
4e -CH2CH=CH2 -CH2CH=CH2 1 SZARA and HEARST (1962) 
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ence compound DMT (4 a). The simplest of these, psilocin (4f) is a naturally occurring 
hallucinogenic component of the many "magic" mushrooms of the western hemi
sphere (HElM and WASSON, 1962) where it is found to a large measure as the phosphate 
ester, psilocybin (4 g). The two bases are approximately equivalent, both stoichiomet
rically and qualitatively in man, implying that dephosphorylation occurs metaboli
cally. The demethylated homologues of psilocybin (N-monodemethyl, baeocystin; N
didemethyl, norbaeocystin) are reported congeners of psilocybin in several hallucino
genic species ofmushroon (LEUNG and PAUL, 1967, 1968), but they are unexplored 
pharmacologically. 

When the indolic oxygen function is located at the 5-position, the drugs become 
subject to the loss of the dimethyl amino group by deamination (as with the simpler 
tryptamines) and thus are only active parenterally. 5-Methoxy-N,N-dimethyltrypta
mine (41) is found as a component of several snuff mixtures used by Indians in the 
New World. It has a remarkably rapid onset of action and a short duration (the entire 
intoxication cycle lasts perhaps 15 min). The analogue of 41 without the methyl group 
on the 5-position oxygen is a natural alkaloid known as bufotenine (4,R1,R2 =CH3; 

R3,R5 = H; R4 = OH). This drug has been claimed to be psychotomimetic (F ABING 
and HAWKINS, 1956), but it is now known to be a cardiovascular stimulant involving 
serotonin release (TURNER and MERLIS, 1959; ISBELL, 1967; FISCHER, 1968). The in
crease of bulk of the substituents on the terminal nitrogen seen in 4 m again allows 
oral activity, as seen in the tryptamine counterparts in Table 2. 

A second structural manipulation can be employed to protect the basic nitrogen 
from enzymatic deamination: the introduction of a methyl group alpha. This device 
is examined in more detail in Sect. C in the comparison of the phenethylamine and am
phetamine structures. Within the tryptamines, a-methylation allows oral activity with 
the two psychotomimetics 4 nand 4 o. 

II. Beta-Carbolines 
The p-carboline ring system (5) has a great potential significance in brain biochemis
try, as it can be synthesized in vitro under physiologic conditions from various natural 
tryptamines. 

~ 
CH30~N 

H CH3 

(5) ~-Carboline (6) Harmaline 

Cyclization of biologic tryptamines can occur with formaldehyde or acetaldehyde 
to form tetrahydro-p-carbolines (called tryptalines), which are potent serotonin up
take inhibitors (KELLER et aI., 1976) and monoamine oxidase inhibitors (MELLER et 
aI., 1977). These products can be formed simply by the incubation of mammalian tis
sue (e.g., from the brain) with 5-methyl tetrahydrofolic acid as the source offormalde
hyde (Hsu and MANDELL, 1975; WYATT et aI., 1975). Also, melatonin (5-methoxy-N
acetyltryptamine, a serotonin-derived natural hormone found in the pineal body) can 
be cyclized under physiologic conditions to form the biologically active carboline 6-
methoxyharmalan (McISAAC, 1961). A number of these "in vivo"-generated bases are 
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believed to be psychotomimetic agents, but efforts to document them as being endog
enous factors in mental illness have failed. 

The only p-carboline that has been extensively studies in man as a psychotomi
metic agent is harmaline (6). It is the major active alkaloid found in the intoxicating 
South American drink ayahuasca, made from plants of the genus Banisteriopsis. As 
a pure chemical, harmaline is active in man at the 300-400 mg level, leading in many 
subjects to elaborate visual synthesis (NARANJO, 1973 a), although in others there is 
little more than a generalized sedation. A second pharmacologic property of harma
line is that it is an effective inhibitor of the monoamine oxidase enzyme system (UDEN
FRIEND et aI., 1968). Dimethyltryptamine (4 a), which is normally inactive when given 
orally in man, is frequently found in Banisteriopsis extracts (POISSEN, 1965; AGURELL 
et aI., 1968; DER MARDEROSIAN et aI., 1968). Thus, the biologic activity of the native 
plant decoction may be due in large part to DMT that is protected from metabolic 
destruction by the presence of a relatively small amount of harmaline, itself without 
activity. 

Several other substituted p-carbolines have been studied in man. Harmine [the 
completely aromatic counterpart of (6)] is inactive orally at levels of 1 g (PENNES and 
HOCH, 1957), but upon intravenous administration there are effects observed with 
doses ofless than 50 mg (SLOTKIN et aI., 1970). Limited studies (NARANJO, 1967) have 
been reported concerning the dihydroderivative of (6) (tetrahydroharmine) and the 
positional isomer of (6) in which the methoxyl is relocated into the position analogous 
to that found with serotonin (6-methoxy-harmalan); the former appears to be less ac
tive and the latter more active than harmaline itself. 

III. Ergot-Related Drugs 
All of the known psychotomimetic drugs that contain the alkaloid nucleus ergo line 
have a consistent structural feature of a carboxamide function at the 8-position and 
dehydration at the 9,10 position (see partial structure 7). The activity of this class of 
compounds is extremely sensitive to minor structural variations in this ring. Inversion 
of the hydrogen at the 5-position (to yield the isolysergic acid family), at the 8-position 
(to yield the L-Iysergic acid family), and saturation ofthe 9,1O-double bond (with hy
drogen or solvent) all effectively eradicate the psychotomimetic properties of the 
product. Hydrogenation of the indolic double bond (to give 2,3-dihydro-LSD) redu
ces the potency by an order of magnitude (GORODETZKY and ISBELL, 1964). Although 
most of the better studied drugs are synthetic, they depend upon the use of lysergic 
acid as a starting material, and it must be obtained from natural sources. 

Ring D of the ergot 
alkaloids 

(8) 
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1. Synthetic Lysergic Acid Derivatives 

The best studied of the synthetic ergot derivatives, and one of the most potent psy
chotomimetics yet reported, is the diethylamide, LSD (8, Rl = H; R2 = R3 = C2Hs). 
It was originally prepared and studied in 1938 (STOLL and HOFMANN, 1943) as an er
got-related analogue of the medullary stimulant nikethamide (N,N-diethylnicotina
mide). Its intense psychological effectiveness was discovered 5 years later. Its extreme
ly high potency (50-250 J,lg, given orally) and the complexity and richness of the 
evoked response have prompted widespread experimentation. In the scientific com
munity, its initial description as producing a model psychosis commanded the atten
tion ofresearchers in the area of mental health. In the lay community, its fast-spread
ing reputation as a hallucinogenic drug quite literally ushered in the psychedelic era. 
There is a greater volume of literature - scientific, philosophic, and fictional- on this 
one material than on any other psychotomimetic drug. 

The destructive effects of structural modification within the "D" ring mentioned 
above apply to LSD itself as well. However, substitution on the indolic nitrogen 
(1-position) or modifications of the identities of the amide nitrogen substituents can 
result in the maintenance of psychotomimetic activity albeit with some attenuation of 
potency. Table 3 lists these variations and their approximate potencies relative to 
LSD. Most of the homologues are less active than LSD, several are of similar potency, 
and none are of higher potency. Two of the listed compounds are pharmaceutical 
drugs: ergonovine (8k, ergometrine) is used clinically as a uterine contractant, and 
methysergide (Sansert, 81) is popular as a prophylactic against migraine. The latter 
drug has shown side effects in clinical use similar to those seen with LSD, and the ma
terial has been employed as an LSD substitute in psychotherapeutic LSD therapy. The 
2-bromo analogue of LSD (BOL-148) is of considerable pharmacologic interest, hav
ing served as a continuing challenge to proposed mechanisms of action in this family 
of drugs. It is even more potent than LSD as a serotonin antagonist (CERLETTI and 
ROTHLIN, 1955), but it is practically devoid of psychotomimetic activity (HOFMANN, 
1959). 

2. Natural Lysergic Acid Derivatives 

A number of higher plants, largely of the family Convolvulaceae, are also sources of 
alkaloids of the lysergic acid family and have been employed as intoxicants. Three 
morning glory species are especially rich in centrally active bases and have proven ac
tive orally in man as psychotomimetics. The Aztec drug ololiuqui has been established 
botanically as Rivea corymbosa (SCHULTES, 1941). The Zapotecs employ, in addition 
to ololiuqui, a similar plant known as badoh negro which is the closely related morning 
glory Ipomoea violacea (MADDoUGALL, 1960); most of the many Ipomoea subspecies 
are, however, devoid of alkaloids (DER MARDEROSIAN and YOUNGKEN, 1966). The 
third plant of this group, and the richest yet known in alkaloid content, is the Ha
waiian baby wood rose, Argyeia nervosa. Of the large number of alkaloids present in 
these species, the ones believed to account for the plants' activities are lysergamide 
(Ergine, 8r) and the epimer with opposite configuration at the 8-position, isolyserga
mide. As a pure compound, isolysergamide produces a depressed and sedative effect 
at dosages of 2 mg (HOFMANN, 1963). The labile hydroxyethyl amides of these two 
bases are also present and might give rise by hydrolysis to the free amides. Ergonovine 
(8 k) is also present in small amounts and may contribute to the activity as well. The 
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Table 4. Components of the psychotomimetic convolvulaceae' 

Compound Rivea corymbosa Ipomeoa violacea Arg yrea nervosa 
% % % 

Lysergamide (8r) 48 (a) 5-50 (a)b 23 (d) 
54 (b) 58 (b) 25 (c) 

10-16 (C)b 
1-Hydroxyethyllysergamide 6 (d) 
Isolysergamide 17 (b) 9-17 (a) 18 (c) 

35 (a) 18-26 (c) 31 (d) 
8 (b) 

1-Hydroxyethyl isolysergamide 4 (d) 
Ergonovine (8 k) 8 (b) 8 (d) 
Total alkaloid content (wet weight) 0.012 (b) 0.06 (a, b) OJ (c) 

a Reference: (a) GENEST (1965); (b) HOFMANN (1971); (c) HYLIN and WATSON (1965); (d) CHAO 
and DER MARDEROSIAN (1973) 

b Range covering several varieties of I. violacea 
C Possibly hydrolysed to lysergamide or isolysergamide during analysis. See HOFMANN (1971) 

alkaloid composition of these three morning glories, insofar as these potentially con
tributing components are concerned, is given in Table 4. Most of the remaining 
alkaloids lack the 8-position carboxyl group, or even an intact piperidine ring, and 
have not been evaluated as psychotomimetic agents. 

c. Psychotomimetics Structurally Related to Dopamine 

I. Phenethylamines 

Dopamine (9 a) is the simplest of the catecholamine neurotransmitters and serves also 
as the metabolic precursor of the related compounds norepinephrine (noradrenalin, 
9b) and epinephrine (adrenalin, 9c). These bases carry the carbon skeleton of phen
ethylamine (10) which is itself naturally present in human tissue (ASATOOR and DAL
GLEISH, 1959), including the brain (BORISON et aI., 1977). The variability of its concen
tration in urine reflects clinical diagnosis (decreased in depression, FISCHER et aI., 
1973; increased in schizophrenics, POTKIN et aI., 1979) and suggests that it may play 
a role as an endogenous stimulant. When administered exogenously, it is readily in-

R, 

H~NHR2 
10 

H 

(9a) RI = R2 = H 
Dopamine 
(9b) R, = OH; R2 = H 
Norepinephrine 
(9c) R, = OH; R2 = CH3 

Epinephrine 

R2 

R~NH2 
R/~~R6RI 

Rs 
(10) RI , R2, R3 , R4 , Rs , R,= H 
Phenethylamine 
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activated by the ubiquitous monoamine oxidase (MAO), and it is only with extensive 
ring substitution that the phenethylamines become centrally active. The best-studied 
phenethylamine psychotomimetic is mescaline (lOa, Rl = R2 = R6 = H; R3 = R4 = 
R5 = OCH3), which is itself immune to deamination by the MAO system. It and re
lated phenthylamines are listed in Table 5, with comparisons of their relative poten
cies in man. Most of these materials have had their origin in the established activity 
of the phenylisopropylamine counterparts, which will be discussed in the next section. 

It is apparent that no compounds with less than trisubstitution are centrally active, 
presumably due to rapid deamination in vivo. The mono-methoxy analogue 4-
methoxyphenethylamine is inactive (BROWN et aI., 1968), and the dimethoxy analogue 
similar to dopamine appears to be a mild stimulant but only at the rather high dosage 
of 1,500 mg (VOJTECHOVSKY and KRUS, 1967). This latter compound, because of its 
close resemblance to dopamine and its possible appearance in the urine of 
schizophrenic subjects (FRIEDHOFF and VAN WINKLE, 1962), has been thoroughly 
studied in its possible role in mental health. There is as yet no consensus as to its orig
ins or its significance in the body. Two positional isomers of mescaline have been stud
ied, but they appear to be of limited activity. The 2,3,4-isomer, "reciprocal" or "iso" 
mescaline, has been reported to be inactive in normal subjects, but highly potent in 
schizophrenic patients (SLOTTA and MULLER, 1936). The 2,4,5-isomer, which bears the 
substitution pattern of the potent neurotoxin 6-hydroxydopamine, has been reported 
as being similar to mescaline (JANSEN, 1931), but recent work suggests that its only 
indication of central availability is the potentiation of the action of mescaline 
(DITTRICH, 1971). 

II. Phenylisopropylamines 

As discussed above, an appropriate ring-substitution pattern can protect a phenethy1-
amine derivative from desctructive metabolism by MAO deamination. A second 
structural modification has been frequently employed to this same end, i.e., the place
ment of a sterically hindering methyl group on the carbon alpha to the primary amine. 
Thus, amphetamine (10; Rl =CH3, R2,R3,R5,R6=H) is a long lived and little 
metabolized stimulant, whereas phenethylamine, of intrinsically similar potency, is 
relatively inactive when administered orally. A large family of psychotomimetic drugs 
is known which are ring-substituted derivatives of amphetamine. These are presented 
in Table 6, with their potency relative to mescaline, and with appropriate leading ref
erences. There are some generalities that are not apparent from the table. The mono
and disubstituted isomers show, in addition to psychotomimetic action, considerable 
central stimulation. PMA (lOi), although active as a hallucinogen at 60--80 mg, has 
been implicated in fatal overdoses involving cardiovascular stimulation (CIMBURA, 
1974). DMA (10 I), upon intravenous administration, elicits extensive visual distortion 
complicated by gross body tremor (FAIRCIDLD, 1963). Several of these substituted am
phetamine analogs have been studied as their N-methyl homologues (in analogy with 
the relationship between amphetamine and methamphetamine). Although most show 
a striking drop in potency, MDMA (the N-methyl homologue ofMDA, 10 m) retains 
full activity (SHULGIN and NICHOLS, 1978). Referring to Table 6, it is apparent by 
comparing compounds lOp, IOq, and from IOdd to IOnn, that the 2,4,5-trisubstitu
tion pattern is needed for maximum potency, and that there is a great sensitivity to 
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the identity of the substituent on the 4-position. This consistency has suggested a 
mechanism of action involving in vivo oxidation to a quinonoid intermediate to, in 
tum, some subsequent indole metabolite (ZWEIG and CASTAGNOLI, 1974, 1975). 

Several ofthese racemic bases have been studied as separated optical isomers. The 
observation that the "R" isomer of DOM (10hh) can account for most of the psy
chotomimetic activity (SHULGIN, 1973) is consistent with this same absolute configur
ation being required for the 5-carbon of LSD, whereas the active isomer of amphet
amine (a stimulant rather than a psychotomimetic) is the "S" isomer. This generality 
applies to the other primary amines studied as separated isomers (10m, lOii, and 
10mm) (COOK and FELLOWS, 1961; SNYDER et aI., 1974; ANDERSON et aI., 1978). The 
only known active N-methyl derivative (MDMA; see above) has a reversal of activity, 
the "S" isomer being the more active (ANDERSON, 1978). 

D. Psychotomimetics Structurally Related to Acetylcholine: 
Atropine-Related Drugs 

The third major neurotransmitter in the human nervous system is acetylcholine (11), 
and a number of psychotomimetics are known that are closely related to this com
pound structurally. 

(12a) R = H, H; Atropine 
(12b) R = -0- ; Scopolamine 

These compounds are based upon the structure of atropine (12 a) and scopolamine 
(12 b) (both potent inhibitors of acetylcholine) and, as shown in the diagram, they bear 
structural points in common with it (the distance of separation of the nitrogen atom 
from the ester carbonyl function). These two natural alkaloids have proven to be the 
active components of many plants from around the world renowned for centuries for 
their mystical powers. The belladonna plant, Atropa belladonna, was used in Europe 
in the Middle Ages as a witch's brew. Henbane, Hyoscyamus niger, was also widely 
cultivated in Europe (as was mandrake, Mandragora officinarum), and from this name 
come the alkaloidal names hyoscyamine and hyoscine (for 12 a and 12 b, respectively). 
Pituri, Duboisia hopwoodii, has been used broadly by the Australian aborigines, and 
many species of Datura have been used for centuries in the New World for religious 
purposes and as stupefacients. 
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The intoxication produced by these alkaloids, and the chemical relatives listed in 
Table 7, is distinctly different than that characteristic of the serotonin- and dopamine
related psychotomimetics already discussed. There are peripheral changes (dry 
mouth, nonreflexive pupillary dilation, urinary retention, tachycardia, muscular 
weakness) characteristic of parasympatholytic activity. Centrally, the hallucinations 
are usually clouded in amnesia, and there is intellectual impairment and confusion, 
often incoherence. 

Table I lists several compounds that do not strictly follow the generalized formula 
(13). Atropine and scopolamine are with the structures drawn above. Benactyzine 
(13a) and Win-2299 (13j) are both open-chain compounds, esters of N,N-diethyl
aminoethanol with diphenylglycolic acid and thionyl cyclohexylglycolic acid, respec
tively. Ditran (JB-329, 13 h) is actually a mixture of the listed piperidinyl compound 
and the ring-contracted pyrrolidinylmethyl analogue. And finally, the last-mentioned 
compound 13 m, quinuclidinyl benzilate, has as the nitrogen substituent a two-carbon 
chain folded back to the 4-position of the piperidine to form the quinuclidine ring. 
This anticholinergic has been studied extensively in the chemical warfare research lab
oratories of several countries as an incapacitating agent. The potency given in the 
table is for a subcutaneous injection. 

E. Miscellaneous Psychotomimetics 
I. Ibotenic Acid 
Another chemical implicated in normal neurologic function, in this case as an inhibi
tory transmitter, is the aliphatic amino acid y-aminobutyric acid (GABA, 14) (see 
IVERSEN, 1978). The historic mushroom Amanita muscaria (fly agaric) contains a num
ber of pharmacologically active alkaloids. Two of these, ibotenic acid (lSa) and 
muscimol (15b), are potent GABA agonists and are believed to account for most of 
the psychopharmacologic action of the intact mushroom, including disorientation 
and deep sleep. Ibotenic acid, at lower dosages (up to 50 mg) leads only to facial flush
ing (W ASER, 1967), a generalized weakness, and disequilibrium (CHILTON, 1975). 

Moderately effective dosages appear to approach 100 mg (CHILTON, 1975), with 
considerable motor disturbance and the promotion of a deep sleep. Muscimol is some 
five times more potent in man (THEOBALD et aI., 1968), producing, in the 10-15 mg 
range, dizziness, elevated mood, and sensory distortions in both vision and sound per
ception (W ASER, 1967). Again, sedation and a generalized intoxication seem to char
acterize both the mushroom and the active components, rather than the more ex
pected psychotomimetic responses seen with psilocybin or the ergot alkaloids (THEO
BALD et aI., 1968). The several analogues ofmuscimol that have been studied as effec
tive GABA agonists have not yet been clinically assayed in man as either intoxicants 
or sedatives. 

(l4)GABA 

\:-CH R 
/ \\ I 

HN. ..... /C-CHNH2 
o 

(l Sa) R = COOH Ibotenic acid 
(l Sb) R = H Muscimol 
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n. Dissociative Anesthetics 

Two clinically useful anesthetics have recently come into popular acceptance as psy
chotomimetic drugs. Pharmacologically, phencyclidine (16a) and ketamine (17) are 
best classified as parasympatholytics akin to scopolamine and the related JB com
pounds. Structurally, they are distinct, being extremely lipophilic benzyl amines. Two 
properties of phencyclidine have contributed to its rapidly increasing popularity: its 
relatively high potency (5-10 mg), regardless of the route of administration (orally, 
smoking, injection), and the ease of its synthesis. The social problems associated with 
its abuse have prompted extensive federal action, both in research (PETERSEN and 
STILLMAN, 1978) and in legislation. Its original promise as a powerful anesthetic 
(CHEN et aI., 1959) was compromised by bizarre symptoms of delusional and sen
sorially distorted interpretations upon postoperative recovery (GREIFENSTEIN et aI., 
1958; JOHNSTONE et aI., 1959). It has been just these latter properties that have popu
larized the drug. The facile synthesis has prompted the exploratory synthesis of nu
merous analogues, partly to circumvent the law and partly to exploit more readily ob
tainable starting materials. The thiophene analogue (16b) is easily prepared (KALIR 
et aI., 1969) and has appeared as an illegal drug in street usage. Similarly, the N-ethyl 
analogue (16c, PCE, SMIALEK et aI., 1979) and the pyrrolidine analogue (16d, PHP, 
NAKAMURA et aI., 1979) have both been involved in deaths. 

AI 

(16a) Phenyl -(CH:Js- Phencylidine (PCP) 
(16b) Thiophene -(CH:Js- Thiophene analogue 

of phencyclidine (TCP) 
(16c) Phenyl ethyl H Cyclohexamine (PCE) 
(16d) Phenyl -(CH2)c Pyrrolidineanalogue 

of phencyclidine (PHP) 

(I 7) Ketamine 

Ketamine (17) is a structural analogue of phencyclidine that has been introduced 
to bypass some of the limitations of phencyclidine, and it appears clinically effective, 
although less potent (DOMINO et aI., 1965). However, the recovery period was again 
flawed by bizarre hallucinatory experiences (FINE and FINESTONE, 1973; PEREL and 
DAVIDSON, 1976). The drug may have a dubious future in clinical practice, but it has 
appeared broadly in paramedical usage. Its complex synthesis will require that the 
supply come from diverted legitimate channels; analogues are not likely to appear 
soon. 

III. Ibogaine 
Ibogaine (18) is one of the principal alkaloids isolated from the root and bark of the 
African plant Tabernanthe iboga. It has cholinesterase inhibitory properties (VINCENT 
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and SERO, 1942) reminiscent ofthose mentioned for a similarly complex plant alkaloid 
harmaline, and its hallucinatory actions, with anxiety and apprehensions (SCHNEIDER 
and SIGG, 1958), seem to be parallel. A recent report of extensive clinical studies on 
ibogaine (NARANJO 1973 b) has supported its psychotomimetic potential, at dosages 
of 300 mg. 

(18) Ibogaine 

IV. Kavakava 

Another botanical binomial known in psychotropic pharmacology is Piper methys
ticum, the source of the drug kavakava. This plant contains nonnitrogenous com
ponents, principally kawain (19a) and the methylenedioxy analogue methysticin 
(19b). Kavakava is used widely throughout the South Pacific as a social intoxicant. 
These and related isolated lactones have been studied pharmacologically as anticon
vulsants (KRETZSCHMAR and MEYER, 1969) and analgetics (BROGGEMANN and MEYER, 
1963), and there has been extensive synthetic exploration in the preparation and study 

° (19a) R = H, H Kawain 
(l9b) R = -OCH2- Methysticin 

of potentially useful analogues. The results have been largely disappointing. It has 
been observed that the narcotic action of the native plant preparation requires emul
sification of the root material (STEINMETZ, 1960), and the natural preparations employ 
chewing to produce an effective drink. The intrinsic activity of the plant may not be 
observable in the purified isolated components. 

V. Marijuana 

The most important and the most extensively studied of the nonnitrogenous psy
chotomimetics are the terpenic components of the intoxicating plant Cannabis sativa. 
This material has been known since antiquity, and although it may be misleading to 
classify it as a psychotomimetic drug, it has been widely employed in many forms as 
an intoxicant, as a therapeutic agent, and as a subtle disinhibitor of sensory stimuli. 
The active principles are fusion products of a 10-carbon terpene unit and (usually) 5-
(n)-amylresorcinol. The main active component is ..1 1 (or ..1 9)-tetrahydrocannabinol 
(THe, 20a), which is shown in the illustration with its two frequently encountered 
numbering systems. The first system (terpene-based numbering) reflects the biosyn
thetic origin, with the numbering of the aliphatic half done in accord with classic ter-
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(terpene-based numbering) (dibenzopyran- based numbering) 
(20a) 

~I (~9)-Tetrahydrocannabinol (THC) 

pene nomenclature. It has the advantage of being applicable (and allowing easy cross
reference) to natural components wherein the pyran ring is opened, but the aromatic 
moiety must be numbered separately. The second system (dibenzopyran-based num
bering) is based upon the intact dibenzopyran nucleus, and although it allows exact 
assignment in written names (in abstracting), it becomes useless when the pyran ring 
does not exist. Neither is satisfactory and both are (unfortunately) widely used. 

Table 8. Cannabinoids (20a) 

Compound Double- Aromatic Effective Reference 
bond side chain dosage range 
position in mg (route) 

20a LlI-THC 1,2 n-CSHll 20 (0) HOLUSTER (1973) 
HOLLISTER and 

TINKLENBERG (1973) 
5 (p) HOLUSTER (1973) 

ISBELL et al. (1967) 
20b Ll 6-THC 6,1 n-CSHll 20 (0) HOLLISTER (1973) 
20c CBN Aromatic n-CSHll >400 (0) HOLUSTER (1973) 

15 (P) PEREZ-REYES et al. 
(1973) 

20d Ll 3-THC 3,4 n-CSHll 120 (0) ADAMS (1942) 
15 (p) HOLUSTER (1970) 

20e Pyrahexyl 3,4 n-C6H13 60 (0) ADAMS (1942) 
WILLIAMS et al. (1946) 

20f DMHP 3,4 -CH(CH3)CH(CH3)CsHll ISBELL (1968) 
5 (0) SIM (1970) 

20g Nabilone 3,4 -C(CH3hC6H13 5 (0) LEMBERGER and ROWE 
(carbonyl (1975) 
at C1) 

20h 7-0H-LP- 1,2 n-CSHll 3 (p) PEREZ-REYES et al. 
THC (hydroxy (1972) 

at C7) 

20i 6(P)OH- 1,2 n-CSHll 4 (p) WALL et al. (1976) 
Lll-THC (hydroxy 

at C6) 
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Although several dozen cannabinoid compounds are now known to be com
ponents of the intoxicating resinous extracts of the marijuana plant, only four have 
been seriously considered as contributors to the overall pharmacologic syndrome of 
intoxications. Besides Lli-THC there is the positional isomer Ll6_ THC (20 b), the aro
matic counterpart cannabinol (CBN, 20 c), and the open-ring counterpart of Lli_ THC, 
cannabidiol (CBD). The first three are centrally active, but cannabidiol is not, regard
less of the route of administration, either oral (HOLLISTER, 1973; KARNOLL et aI., 
1975), smoking (ISBELL et aI., 1967), or intravenous (PEREZ-REYES et aI., 1973). 

The published data concerning potency in humans of these natural, as well as syn
thetic analogues of marijuana, and on human metabilites, are gathered in Table 8. The 
terpene-based numbering system is employed. 

In the earliest synthetic approaches to the THC molecule, the double bond in the 
terpene ring usually remained at the conjugated position 3,4 (6a, lOa in the dibenzo
pyran-based system). Three of these synthetic materials (20 d, e, f) are orally active in 
man, the last ofthese carrying the dimethylheptyl side chain found to be of the greatest 
animal potency in the seminal studies of ADAMS. A recently proposed pharmaceutical 
lacks the methyl group at position C 1, possessing a carbonyl in its place. This drug, 
nabilone, is currently in clinical trials as a sedative. Studies on the metabolic fate of 
THC have shown that hydroxylation is a major pathway. This can occur on the amyl 
side chain, or in several locations within the terpene moiety. Two of the known human 
metabolites themselves have intrinsic central action (compounds 20h, i) and have 
been implicated in the mechanism of action of THC itself. 
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CHAPTER 2 

Pharmacology and Toxicology of Psychotomimetics 

L. E. HOLLISTER 

A. Introduction 

During recent years, a number of reviews of psychotomimetic drugs have appeared, 
covering various aspects of their types, their pharmacologic actions in animals, and 
their effects in man (FREEDMAN, 1969; COHEN, 1971; BRAWLEY and DUFFlliLD, 1972). 
One multiauthored volume concerned itself primarily with lysergic acid diethylamide 
(LSD) (SANKAR, 1975), while another concerned itself with psychotomimetics in gen
eral (RADouco-THoMAs et aI., 1974). The subject does not lack interest, although a 
variety of constraints on human research with these drugs has virtually limited recent 
literature to accounts of experiences resulting from their illicit use. 

B. Definition of a Psychotomimetic Drug 
While any definition of the term psychotomimetic drugs is bound to be arbitrary, one 
can limit the field somewhat if the following criteria are used: 
1) In proportion to other effects, changes in thought, perception, and mood should 

predominate. 
2) Intellectual or memory impairment should be minimal with doses producing the 

above mental effects; with large doses these may occur. 
3) Stupor, narcosis, or excessive stimulation should not be an integral part of the ac

tion. 
4) Autonomic nervous system side effects should be neither disabling nor severely dis

concerting. 
5) Addictive craving should be minimal. 

Even with criteria such as these, drugs admissible to the list may vary, depending 
upon the investigator. Indeed, one can scarcely get any agreement upon the term used 
to describe this class of drugs, since many objections to the most likely used term, psy
chotomimetics, can be offered. The following terms are often submitted: hallucinogens, 
phantasticas, psychotogens, dysieptics, and psychedelics. Nevertheless, psychotomi
metic enjoys a broader use and has seniority over most of the alternatives, as well as 
being about as accurate a designation as any of them. 

C. Types of Psychotomimetics 
Basing a classification on chemical structures, one can separate seven groups of these 
drugs: (a) lysergic acid derivatives, of which LSD is the prototype; (b) phenylethyl
amine derivatives, of which 3,4,5-trihydroxyphenylethylamine (mescaline) is the proto-
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type; (c) indolealkylamines, such as 4-phosphorodimethyltryptamine (psilocybin); (d) 
other indolic derivatives, such as the harmine alkaloids or ibogaine; (e) piperidyl ben
zilate esters, such as N-ethyl-3-piperidyl cyclopentylphenyl glycolate (JB-329 Ditran); 
(f) L-phenylcyclohexyl compounds, such as phenylcyclidine (Sernyl); and (g) a miscel
laneous group of varying chemical structures. Because the first three groups are vir
tually identical in their clinical effects, they are often lumped together as the LSD
mescaline-psilocybin group (HOLLISTER, 1968). 

D. Epidemiologic Aspects 

It is virtually impossible to determine the current frequency of use ofpsychotomimet
ics. Epidemiologic studies of drug abuse are fraught with many difficulties. The data 
obtained are largely anecdotal, that is, what people say, and it is well-known that what 
people say and what they do may be quite different. To compound the difficulty, even 
the most honest and cooperative respondent labors under the burden of not really 
knowing what drug was taken. Mislabeling of street drugs is more common than ac
curate labeling. Mislabeling of LSD as mescaline may not be of serious consequence 
for epidemiologic purposes, as the two drugs are quite similar and might well be clas
sified together. On the other hand, mislabeling of THC as phencyclidine (PCP) is of 
serious consequence as the two categories of drugs are considered to be separate. The 
only bases that drug users have for correcting for mislabeling are their past experience 
with similar drugs, the opinions of fellow drug users, or the reputation of their source 
of drugs. None of these factors are very likely to resolve ambiguity about what they 
really took. Thus, epidemiologic studies that lack any chemical verification of drugs 
(and these are virtually impossible to design) will only be crude indices of what drugs 
are really being used. 

Despite these difficulties, the available data in the United States indicate that the 
rates of psychotomimetic drug use, variable as they may be among separate epidemio
logic surveys, have remained relatively constant over the past few years (ABELSON and 
ATKINSON, 1975). Within this general pattern of use, a substantial change has occurred 
in regard to the drugs chosen. LSD is less often used (at least so labeled), while PCP 
use probably has increased in recent years to what is now being called an epidemic. 
Differences in use by sex are also apparent; more women have tried these drugs than 
before, their rate of use now approaching that in men. Perhaps this shift is due to the 
general move toward equality for women. Happily, the rates of frequent use of these 
drugs, always low in comparison to the number of experimenters with the drug, have 
not shifted. 

E. The LSD-Mescaline-Psilocybin Group 
I. Chemistry 

Mescaline is a phenylalkylamine, psilocybin is an indolealkylamine, and lysergide has 
chemical resemblances to both. The structural relationships of members of this group, 
as well as other related compounds, are shown in Fig. 1. 

LSD remains the most potent compound in this series, if not one of the most po
tent drugs or toxins known. A number of clinical comparisons have been made be-
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Fig. I. Structural relationship between lysergide and other psychotomimetics of the phenethyl
amine and indolealkylamine series 

tween LSD and closely related lysergic acid derivatives. One comparison between 2,3-
dihydrolysergic acid diethylamide and LSD revealed that the former compound in
duced LSD-like autonomic and mental changes in man, but was less potent and slower 
in onset than LSD (GORODETZKY and ISBELL, 1964). Acetylation or methylation of the 
LSD molecule on the pyrrole nitrogen produces two analogs, L-acetyllysergic acid di
ethylamide and L-methyllysergic acid diethylamide. About 1.5-2.0 times as much of 
the analogous drugs were required to produce essentially the same clinical reactions 
with the analogs as with LSD (MAUTZ et aI., 1960). Replacement of the diethylamine 
side chain of LSD with a morpholine group results in a compound that has pharma
cologic and clinical effects generally similar to those of LSD; potency was probably 
somewhat less (GOOERTY and DILLE, 1957). In summary, it appears that alterations 
in the basic structure of LSD mayor may not materially change the quality of the 
clinical effects, but generally tend to reduce potency. 

A number of mescaline homologs with psychotomimetic activity have been tested. 
The amphetamine analog, trimethoxyamphetamine, produces euphoria and a loosen
ing of emotional restraint in doses of 0.8-1.2 mg/kg (PERETZ et aI., 1955). Doses in 
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the order of 2.8-3.5 mg/kg evoke tremors, paresthesias, amplified and distorted col
ors, textures, forms and spatial relationships, increased auditory acuity, and occa
sional synesthesias (SHULGIN, 1964). The span of action is similar to that of mescaline, 
lasting about 7 h; the peak of urinary excretion of the drug occurs between 2 and 5 h 
after a dose, with 20%-35% being excreted unchanged. 

Other amphetamine homologs have become popular as street drugs. Most widely 
used has been 2,5-dimethoxy-4-methylamphetamine (DOM or "STP"). Our studies 
of the drug showed it to have properties very similar to those of mescaline, although 
it was about 40--50 times as potent (HOLLISTER et aI., 1969). Our report of rapid tol
erance to the drug was subsequently confirmed (ANGRIST et aI., 1974). 3,4-Methy
lenedioxamphetamine (MDA), first discovered by Alles, was found by self-experimen
tation to be a psychotomimetic resembling mescaline. It is more potent by three- to 
fourfold (THIESSEN and COOK, 1973). Human studies of 3-methoxy-4,5-methy
lenedioxamphetamine (MMDA) are scanty, but such as exist suggest that it, too, re
sembles the other amphetamine homologs (SHULGIN et aI., 1973). 

A psilocybin analog with highly potent psychotomimetic effects, N,N-dimethyl
tryptamine (DMT), when administered intramuscularly in doses of 1 mg/kg, produces 
a brief but intense LSD-like experience. Because the material is most active by par
enteral injection, the onset is rapid, within 15-30 min, but brief, subsiding completely 
in 1-2 h. Intravenous injection produces an even more precipitous reaction, large 
doses producing delirium within minutes (ROSENBERG et aI., 1964). In many respects 
the action of this drug simulates that of bufotenin, the 5-hydroxy derivative. Curi
ously, placement of the hydroxy group at the 6-position on the ring makes for a com
pound that has been found by several investigators to be essentially inactive. 

II. Pharmacology 

One of the most distressing aspects of the pharmacology of psychotomimetics has 
been the difficulty in finding an animal model predictive of psychotomimetic effects 
of drugs in man. A model that involves two unusual behaviors, limb flick and abortive 
grooming, in cats has been found to be regularly produced by LSD and other indole 
hallucinogens (JACOBS, et aI., 1976). The limits of this model have not yet been fully 
tested. 

Serotonin has been the neurotransmitter most often studied and implicated in the 
action of drugs of the LSD group. The exact type of action on serotonin remains con
troversial. Evidence from a number of studies has been interpreted as indicating that 
the action of drugs of the LSD group is to stimulate serotonin receptors in the brain, 
that is, to mimic its action (ANDEN et aI., 1971; AGHAJANIAN, 1972). Studies using 
single neuron preparations produced an opposite conclusion. Drugs of the LSD group 
specifically antagonized excitation of single neurons by serotonin, even though they 
may be able to mimic the inhibitory actions of serotonin. Thus, the action of the neu
rotransmitter may be specific to the location of various types of serotonergic neurons 
in the brain. This hypothesis is attractive in that one might still explain the reduced 
turnover of serotonin which has been shown to occur after LSD (BRADLEY and 
BRIGGS, 1974). 

The role of tryptamine as a neurotransmitter is still obscure. Tryptamine mimics 
LSD in facilitating the flexor reflex of the chronic spinal dog. Both actions are antag-
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onized by cyproheptadine (MARTIN and SLOAN, 1974). Thus, LSD may have a trypt
aminergic action, but its relation to clinical manifestations of the drug remains uncer
tain. 

The role of catecholaminergic neurotransmitters in the action of drugs of the LSD 
group is even more uncertain. Apparently LSD can act as a dopamine agonist in the 
striatum, but its role as such in other areas of the brain has not been defined (PIERI 
et aI., 1974). A more complex action was suggested by studies showing that LSD can 
block the interactions between norepinephrine, dopamine, and serotonin with their 
respective receptors as indicated by the formation of cyclic AMP (VON HUNGEN et aI., 
1974). Studies of brain norepinephrine metabolism following exposure to various 
members of the LSD group of hallucinogens revealed differences between them, sug
gesting that not all of their pharmacologic actions were similar, despite the great simi
larity of their clinical actions (STOLK et aI., 1974). 

Autoradiographic studies show that drugs of this class readily penetrate the brain 
and that the presence of unchanged drug, in this case 2,5-dimethoxy-4-methylamphet
amine, correlated with clinical effects. The suggestion was made that termination of 
the behavioral effects of the drug might be due to a shift in distribution in brain loci 
rather than to elimination of the drug (IDANPAAN-HEIKKILA et aI., 1969). 

Humans given doses of21lgjkg i.v. had blood specimens taken that were analyzed 
for LSD using a spectrofluorometric technique. After equilibration had occurred in 
about 30 min, the plasma level was between 6 and 7 ngjmI. Subsequently, plasma 
levels gradually fell until only a small amount of LSD was still present after 8 h. The 
half-life of the drug in humans was calculated to be 175 min (AGHAJANIAN and BING, 
1964). Subsequent pharmacokinetic analysis of these data indicated that plasma con
centrations of LSD were explained by a two-compartment open model. Performance 
scores were highly correlated with concentration in the tissue ("outer") compartment, 
which was calculated at 11.5% of body weight. The new estimation of half-life for loss 
of LSD from plasma, based on this model, was 103 min (WAGNER et aI., 1968). 

III. Clinical Effects 

Three characteristic types of symptoms - somatic, perceptual, and psychic - have been 
noted from LSD. In repeated laboratory experiments, subjects report a basic clinical 
syndrome that might be described as follows: 
1) Somatic symptoms: dizziness, weakness, tremors, nausea, drowsiness, pares

thesias, and blurred vision. 
2) Perceptual symptoms: altered shapes and colors, difficulty in focusing on objects, 

a sharpened sense of hearing, and, rarely, synesthesias. 
3) Psychic symptoms: alterations in mood (happy, sad, or irritable at varying times), 

tension, distorted time sense, difficulty in expressing thoughts, depersonalization, 
dreamlike feelings, and visual hallucinations. 
Physiologic effects are relatively few. Dilated pupils, hyperreflexia, increased 

muscle tension, incoordination, and ataxia are common physical signs. Effects on 
pulse rate, respiration, and blood pressure are so variable that they probably represent 
varying levels of anxiety of subjects rather than true physiologic effects. Changes in 
appetite and salivation are inconstant, being increased in some subjects, decreased in 
others. 
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The clinical syndrome tends to follow a sequential pattern with somatic symptoms 
presenting first, perceptual and mood changes next, and finally psychic changes, al
though there is considerable overlap between these phases. Between 1 and 16 Ilg/kg, 
the severity of psychophysiologic effects of LSD in a given subject are proportional 
to the dose (KLEE et aI., 1961). Specific types ofreaction, such as paranoid ideation, 
are more likely a matter of personal predisposition than a function of dose. 

Except for the fact that the effective dose of mescaline is one or two of orders of 
magnitude more than for LSD, there is really little to choose between the two drugs 
insofar as the clinical effects are concerned. Just as with LSD, there are prominent so
matic symptoms, perceptual alterations, and psychic effects. In general, effects of 
psilocybin strongly resemble those of LSD and mescaline. As with the former drugs, 
psychotic symptoms were infrequent. 

IV. Adverse Effects 

The clinical manifestations of adverse psychiatric effects of LSD have been reviewed 
elsewhere (SARWER-FoNER, 1972). In general, not much new has been added over the 
years. The acute panic reaction is still most common, but of much greater concern has 
been the prolonged psychosis. The latter is still, fortunately, uncommon. Of 57 
patients admitted to a poisoning treatment center in Scotland with reactions due to 
LSD, only 16 were considered to require psychiatric help. Most were treated with se
dation. Men predominated, the mean age being 20 years. Most had previously taken 
other drugs. 

Acute panic reactions to LSD, which are usually of only a few hours duration, may 
be handled in two ways. One may "talk the patient down," provided staff or friends 
are available, or one may simply sedate the patient and allow him to sleep off the ef
fects of the drug. In the latter case, recent experience suggests that diazepam or some 
similar drug is preferable to the antipsychotics (BARNETT, 1971). The latter produce 
such lasting and noxious side effects that the treatment may ultimately prove to be 
more disagreeable than the illness. 

"Flashbacks" or acute, unpredictable recurrences of phenomena experienced 
under LSD, have always been a mystery. Because they may occur months later with 
completely lucid intervals, most of us have subscribed to a psychological theory of 
causation. They may, of course, be triggered by other drugs that alter consciousness, 
such as marihuana or, in one unusual case, biperiden given to prevent phenothiazine
induced extrapyramidal reactions (TEC, 1971). Biperiden, being a potent anticholiner
gic, especially when combined with phenothiazines, may be hallucinogenic in its own 
right. Although it is difficult to see why it should be effective, haloperidol eliminated 
flashbacks in four of eight patients treated over a 4-week period and reduced their 
frequency in the other four patients (MOSKOWITZ, 1971). 

Homicides under the influence of LSD continue to be reported. In one tragic case, 
the homicide occurred soon after the patient had been discharged from psychiatric 
care following a previous homicidal assault (KLEPTISZ and RACY, 1973). Another 
patient, with marked homicidal impulses, developed a fairly long-lasting psychosis 
following use of LSD. While still psychotic, he killed a stranger upon impulse. While 
recovering from a bullet wound inflicted by a policeman in the fray, his psychosis 
cleared quickly and he remained free of psychosis for several years (REICH and HEPPS, 
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1972). During the past several years the author has encountered several instances of 
persons accused of homicide who claimed that it was perpetrated under the influence 
of some hallucinogenic drug. Some of these instances strain one's credulity and sug
gest that this type of plea is often misused. 

Self-injury, due to lapses in good judgment, used to be a major danger with the 
use of these drugs, but is not as big a problem as before. Various speculations have 
been made about the cause of this change, such as more exact doses, more experienced 
users, more frequent use in the company of an unintoxicated person, but no specific 
reason has been found for the diminution of this risk. 

Chromosome breaks and gaps are subject to different definitions and to different 
interpretations when read on slides. Some are to expected as artifacts of the prepara
tion. Consequently, reports on the prevalence of such alterations due to LSD vary 
greatly. In various studies they have either been the same or more frequent than seen 
on control preparations, or occur with the same frequency as those from other com
monly used drugs. These considerations apply whether or not the tests were done in 
vitro, or used cells from exposed subjects. At present, the bulk of evidence, as reviewed 
extensively by two observers, suggests that the burden of proof is still on those who 
allege that the frequency and severity of chromosomal breaks encountered from LSD 
exposure is of clinical significance (DISHOTSKY et aI., 1971; LONG, 1972). Rather than 
dismiss the matter out of hand, one should take the stance that harm has not been 
disproved and try to determine better ways to settle the issue (BERLIN and JACOBSON, 
1972). 

F. Harmine Alkaloids and Piperidyl Benzilates 

Neither of these classes of drugs has much in common except that they are now rarely 
used as psychotomimetics. 

Harmine in doses of 150-200 mg Lv. produced psychotomimetic effects in man. 
The threshold oral dose was 300 mg. The clinical effects described are distinctly dif
ferent from those produced by drugs of the LSD group, but no human studies of the 
drug have been done in over 20 years (PENNES and HocH, 1957). The drug is supposed 
to be a potent inhibitor of monoamine oxidase as well as an antagonist of serotonin. 
It seems unlikely that the first pharmacologic effect could be of major importance in 
its action (Ho et aI., 1971). 

Early reports of the clinical effects of the piperidyl benzilate esters (JB-318, JB-
329) suggested that they were analogous to those of LSD. Further studies have indi
cated that these central anticholinergics produce a clinical syndrome different from 
LSD and kindred drugs in a number of respects (DAVIS et aI., 1964; OSTFELD et aI., 
1959). Peripheral anticholinergic effects are more prominent among many of the so
matic effects common to the other drugs. Thought processes are much more severely 
disrupted: disorganization, incoherent speech, confusion, disorientation, and memory 
loss are striking and comparatively long lasting. They characteristically wax and 
wane, typical of a true delirium. Tactile, auditory, and visual hallucinations may oc
cur, the latter being less intense than those from comparably disturbing doses of LSD, 
mescaline, or psilocybin. Mental states produced by the piperidyl benzilates are rem
iniscent of those from other centrally acting anticholinergics, such as scopolamine or, 
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more recently, benactyzine. These are classical deliria, so there is little wonder that 
chronic alcoholics react to JB-329 with a delirium tremens syndrome. The analogy of 
LSD to delirium tremens is less striking. 

Usual doses of the piperidyl benzilates range from 5 to 15 mg. Mental disturbance 
may be quite prolonged at the upper range of dosage, lasting well over 24 h, with mild 
residual confusion even for days. Unlike the LSD-type drugs, this experience is per
ceived by most subjects as frightening and distinctly unpleasant. Few subjects claim 
increased insight; indeed, with larger doses, subjects are unable to remember parts of 
the experience. Psychological testing of any sort may be completely impossible if the 
delirium becomes severe enough. 

The piperidyl benzilate esters do not interfere with serotonergic mechanisms in the 
brain. Although they decrease dopamine turnover, this effect is believed to be second
ary to their strong antimuscarinic action (ANDEN et al., 1972). The antimuscarinic ac
tion is most important in producing the behavioral effects, which strongly resemble 
those of Datura stramonium, a natural plant sometimes used for its psychotomimetic 
effects. Tetrahydroaminacrin, an anticholinesterase, effectively reverses the behavior
al action of the piperdyl benzilate esters. Physostigmine given as intravenous bolus 
doses of 1 mg every 5-10 min could also be used in cases of severe intoxication (GER
SHON and BELL, 1963). 

G. Phencyclidine 
I. History 

The history of PCP is of some interest, as the drug was first thought to be useful for 
medical practice. It was first studied in 1957 as a potential anesthetic agent ultimately 
to be marketed under the name "Sernyl" (GREIFENSTEIN et al., 1958). Although it 
lacked muscle relaxation, it produced a state of analgesia without full loss of con
sciousness and laryngeal reflexes. By 1959, however, it had become apparent that 
patients emerging from anesthesia with this drug experienced a mental state that in 
some ways resembled that of hallucinogenic drugs. As studies of its hallucinogenic ef
fects grew, it became apparent that PCP had such properties, and that these were high
ly variable depending upon dose and route of administration (LuBY et al., 1959). Fur
ther, they were distinctly different from those of LSD. In the opinion of many inves
tigators, the PCP-induced mental state was a better model for schizophrenia than was 
the mental state produced by LSD. Verification of the hallucinogenic effects of the 
drug in man led to its withdrawal from the market as an anesthetic in 1965. Its hal
lucinogenic properties were ofless consequence in animals, so that by 1967 it was rein
troduced onto the market as an anesthetic for veterinary use under the name "Sery
Ian." This use of the drug has remained to the present, the drug being considered to 
be quite valuable for anesthesia of primates. 

The first street use of the drug occurred in 1967, during the "summer of love," 
when the drug culture erupted on the streets of San Francisco. The drug's popularity 
was short-lived, as its unpredictable, unpleasant, and often startling effects gave it a 
bad reputation. During the next several years PCP was hardly ever used knowingly 
by drug takers. By 1972 it had become a popular substance for being mislabeled as 
other drugs, or as an adulterant of other drugs (HART et al., 1972). By 1974, however, 
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Fig.2. Structural relationships between phencyclidine and ketamine. Metabolism of phen
cyclidine includes breaking of piperidine ring as well as possible hydroxylations 

the pendulum swung completely back; PCP now became an acceptable drug in its own 
right, despite its vagaries. From that point on, its use has grown to what is now called 
epidemic proportions. Because of the frequently dramatic consequence of its use, the 
actual rate of use may have been overestimated. 

The drug is readily synthesized by illicit chemical laboratories and all the evidence 
suggests that virtually all PCP on the streets comes from such sources. Nonetheless, 
the panic that its increasing use created has led to the proposal that the drug be re
scheduled into a more restricted category of controlled drug. Such rescheduling would 
make the cost of assuring control of supplies so great that the manufacturer of PCP 
for veterinary anesthesia seems likely to abandon its sale, much to the concern and 
consternation of many investigators who rely heavily on it for their work involving 
primates. The desire to control drugs of abuse often leads to totally inappropriate ac
tions just so long as some action is taken. 

II. Chemistry 

Phencyclidine is a phenyl cyclohexamine derivative containing a piperidine ring (see 
Fig. 2).11 is closely related to ketamine, a drug currently in clinical use as a dissociative 
anesthetic. At least one active metabolite of the drug is formed, probably contributing 
to its long-lived clinical effects. 

III. Pharmacology 

As is the case with most centrally active drugs, the effects of PCP on various neuro
transmitters has been most studied. PCP is believed to act by increasing the availabil
ity of dopamine, possibly both by increasing its release as well as by inhibiting its up
take (SMITH et a1., 1975). The increased locomotor activity produced by the drug in 
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rodents is characteristic of that induced by other methods of increasing dopaminergic 
activity. It is enhanced by antimuscarinic drugs and antagonized by cholinergic 
agents. The effects on acetylcholine are ambiguous. In some situations it seems to be 
cholinergic and in others, anticholinergic. Many of the latter properties are evident 
from some of its clinical effects (MAAYANI et aI., 1974). The drug blocks uptake of nor
epinephrine and this action is related to the sympathomimetic effects evident clinically 
(HITZEMAN et aI., 1973). Its effects on serotonin are uncertain. 

Neurophysiologic studies indicate that the EEG effects in primates seem to show 
a possibly characteristic pattern of delta-theta mixed with low voltage fast activity. 
Sensory evoked potentials are also suppressed, leading to the postulation that the pri
mary site of action is on the nonspecific thalamocortical projection (MIYASAKI and 
DOMINO, 1968). The impairment of sensation, for pain, touch, and proprioception, is 
consonant with its clinical use as an anesthetic. It may also be pertinent ot the provo
cation of a schizophreniclike state, which many investigators have likened to that of 
sensory deprivation. 

The drug is unique among hallucinogens in being self-administered (BALSTER and 
JOHANSON, 1973). This difference, as well as many clinical and pharmacologic differ
ences from the LSD group of hallucinogens, has led some persons to suggest that PCP 
be considered as a separate class of drug, similar to the classification of cannabis. 
However, the definition of hallucinogen is broad enough to include drugs other than 
the LSD group. So far as the use of the drug on the streets is concerned, it is clearly 
being used by hallucinogen fanciers. Animals can discriminate the drug apart from 
morphine, chlorpromazine, tetrahydrocannabinol, ditran, and pentobarbital, again 
indicating its rather unique set of enteroceptive cues. In man, the effects are said to 
be similar to those seen in schizophrenic patients, but the closeness of this model psy
chosis to the real thing has not been studied carefully for many years. It might again 
be appropriate to do so, for were it to prove to be a viable model, it might be a valuable 
tool for research into the nature of schizophrenia. 

PCP in man is generally considered to be a rather long-acting drug, yet its half-life 
in plasma is only about 11 h even after large overdoses (MARSHMAN et aI., 1976). Due 
to a high degree of lipid solubility, it moves rapidly into the brain, so that concen
trations in brain and in cerebrospinal fluid are more persistent. Thus, the toxicity of 
the drug may be greatest when the plasma levels are lowest. Some of the drug is se
creted from the blood into the stomach, whose acid contents keep the weakly basic 
drug ionized. As it enters the more alkaline medium of the upper intestine, it again 
becomes unionized and is reabsorbed. Thus, a certain amount of gastroenteric recyc
ling of the drug occurs. It is likely also that PCP produces active metabolites. Thus, 
three factors - active metabolites, sequestration in fat, and recycling through the gas
trointestinal tract - may account for its long duration of action, which is especially 
evident in cases of overdose. 

IV. Clinical Effects 
Distortion of body image, disorientation, detachment from surroundings, and vivid 
dreaming are some of the most common mental effects of PCP. Those who take it 
seem to lose the ability to integrate sensory input, especially for touch and propriocep
tion (ROSENBAUM et aI., 1959). This effect may, in turn, lead to the analgesia and par-
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Table 1. Patterns of clinical effects from increasing oral doses of phencyclidine 

Dose Clinical Effects 

5-10 mg Ataxia, nystagmus, mood changes, hallucinations, vomiting, analgesia, paresthesias 
Onset, 1-2 h; duration, 4--8 h 

10-20 mg Stupor, eyes open, random movements, resting nystagmus, hyperreflexia, 
hypertension 

Onset, 1/2-1 h; duration, 8-24h 

> 50 mg Deep coma, chills, nystagmus, eyes closed, hypertension, labored breathing, seizures 
Duration, up to 4 days 

> 100 mg Lethal, 3-10 days 
Respiratory depression, hypertensive crisis, cerebral bleeding, loss of deep tendon 

reflexes, decreased renal function, decreased liver function 

esthesias that are experienced, as well as produce a cataleptic state in some individuals. 
Such effects are generally produced by doses of the drug of 0.1 mgjkg up to 12 mg 
single doses, regardless of the route of administration. Some persons develop mania 
or hostility, but these are generally considered to be side effects, more related to the 
personality of the subject than to a direct effect of the drug. Although some simi
larities to the schizophrenic state are obvious, it is not clear that the mental state pro
duced by PCP is an especially good model of that illness. 

Physical symptoms include dizziness, dysarthria, ataxia, and nystagmus, lid ptosis, 
tachycardia, sweating, and increased deep tendon reflexes. Most subjects show some 
degree of hypertension, associated with increased minute and tidal volumes of respi
ration, increased formation of urine, and increased muscle tone. The latter may lead 
to increased serum creatine phosphokinase concentrations. With very large doses, 
convulsions and respiratory arrest are the terminal events (BURNS et aI., 1975). The 
course of clinical symptoms and signs following various doses of PCP is shown in 
Table 1. 

Most of the experiments with PCP, done in the early 1960s, gave the drug intra
venously. On the street, however, the major method of administration is by inhalation 
(often smoked as a cigarette using parsley as the medium for smoking) or by oral route 
in a variety of formulations. 

V. Overdoses 

Overdoses of PCP have been directly fatal, which is somewhat different from the case 
of other hallucinogens, such as LSD. Hypertensive crises, convulsions, and respira
tory arrest are the major causes of death. Indirect fatalities, due to accidents caused 
by loss of critical judgment, are similar to those known to occur with LSD. For some 
reason, deaths by drowning are frequent with PCP. 

No pharmacologic antidote exists for the effects of the drug. Chlorpromazine ag
gravates rather than ameliorates the behavioral effects. Diazepam adds to respiratory 
depression, but may be required for uncontrolled seizures. Experimentally, neither di
phenhydramine, droperidol, tetrahydroaminacrine, physostigmine, or scopolamine 
were useful in reversing the effects of PCP. 
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Acidification of the urine to pH 5.5, using either ammonium chloride or ascorbic 
acid, keeps the drug in the ionized form and hastens its excretion (DoMINO and WIL
SON, 1977). Gastric lavage is useful only when the drug has been taken orally and soon 
after intake. Continual gastric suction, however, may reduce the gastrointestinal re
cycling of the drug and is worth doing routinely. General supportive treatment and 
management of symptoms as they arise is most useful. Reduced sensory stimuli reduce 
the psychic effects of the drug, so patients should be treated in a quiet room with few 
extraneous sounds. 

H. Conclusions 

Psychotomimetic drugs will continue to be used socially in the future as they have been 
used throughout man's history. Changing fashions may make one or another drug the 
object of choice for the moment. Many of the currently popular drugs are creations 
of the laboratory, unknown 30 years ago. It remains to be seen whether still different 
types of psycho to mime tics will be created in the laboratory or, more importantly, be
come recognized and available to those who would use them socially. 

The original hope that these drugs would lead us to a better understanding of natu
rally occurring mental disorders has not been realized. Neither have they yet proven 
to be effective therapeutic agents for any mental disorders. Still, the fact that relatively 
small quantities of these chemicals can so markedly affect mental functions com
mands our attention. If, by learning how they act, we still remain ignorant ofthe cause 
of schizophrenia, we may still learn a lot more about how the brain regulates behavior. 

The greatest current challenge is to make experimentation with these drugs more 
attractive to scientists and less attractive to their social users. 
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CHAPTER 3 

Psychotomimetics: Behavioral Pharmacology 
J. B. ApPEL, A. D. POLING, and D. M. KUHN 

A. Introduction 

This section is concerned with psychotomimetics or hallucinogens such as D-Iysergic 
acid diethylamide (LSD) and its less potent indole and phenylethylamine congeners. 
In man, low doses of these agents (e. g., 1-5 ~g LSD) are said to produce a specific 
state in which "psychedelic, mystical, or psychotomimetic, perceptions and thought 
occur in the presence of clear consciousness" (FREEDMAN and HALARIS, 1978). In other 
animals, psychotomimetics have been reported to produce diverse effects ranging 
from bizarre alterations in spiders' web building (WITT, 1956) to an elephant's death 
(WEST and PIERCE, 1962). In more frequently studied species such as rats, LSD in
creases overall levels of activity (KUHN and ApPEL, 1975), prevents the habituation of 
a startle response (DAVIS and SHEARD, 1974), and causes a characteristic "behavioral 
syndrome" consisting of tremor, rigidity, Straub trail, hindlimb abduction, lateral 
head weaving, and reciprocal forepaw treading (TRULSON et aI., 1976). 

While many of these drug-induced changes in behavior are interesting, they will 
not be considered further. Instead, this review will focus on those effects of LSD and 
related compounds that have been analyzed both systematically and objectively 
within the context of behavioral pharmacology. Thus, we shall be concerned primarily 
with a few learned behaviors (e. g., bar pressing, key pecking) in pigeons, rats, and 
monkeys; an attempt will be made, however, to relate drug effects to variables that 
control the behavior of all organisms (e. g., the relationship between a response and 
its consequences). 

B. The Behavioral Pharmacology of LSD and Related Compounds 
I. Operant (Instrumental) Behavior 

1. Positive Reinforcement: Schedule-Controlled Behavior 

Several years ago the effects of psychotomimetic drugs on behavior maintained by 
various positive reinforcers (food, water, electrical stimulation of the brain) were re
viewed and discussed in detail (ApPEL, 1968); the general pattern of results has not 
changed since that review appeared. In summary, LSD and its congeners, like most 
psychotropic drugs, have effects that depend upon response rate and the schedule 
under which behavior is maintained (ApPEL, 1968; DEWS and WENGER, 1977; SANGER 
and BLACKMAN, 1976). For example, sufficiently high doses of LSD (greater than 
0.04 mg/kg in the rat) completely disrupt bar pressing maintained under short fixed
ratio (FR) schedules (which generate very high control rates) by inducing periods of 



46 J. B. ApPEL et al. 

pausing or no responding (FREEDMAN et aI., 1964). Comparable doses cause less dras
tic decreases in the relatively high rates maintained under certain variable-interval 
(VI) or fixed-interval (FI) schedules and increase the low response rates observed under 
other (FI and Differential Reinforcement of Low Rate, DRL) schedules (ApPEL, 1971; 
ALTMAN and ApPEL, 1975; KSIR and NELSON, 1977). The rate-decreasing effects of LSD 
and related compounds are comparatively greater than the rate-increasing effects of 
the same doses of the same drugs; high doses of LSD (> 0.04 mg/kg) tend to decrease 
responding regardless of control rates (ApPEL, 1971; SANGER and BLACKMAN, 1976). 
Responding suppressed to a low rate by punishment has been reported to decrease 
further following high doses of LSD (ApPEL, 1971; Barry et aI., 1963) and to increase 
following low doses of both LSD and mescaline (SCHOENFELD, 1976). 

Analysis of the effects of psychotomimetic agents on positively reinforced operant 
behavior has provided useful information about relative potencies (ApPEL and FREED
MAN, 1965), time-courses ofeffect(FREEDMAN et aI., 1964; PETERSON, 1966), and dose
response relationships (ApPEL et aI., 1968; ApPEL and FREEDMAN, 1965; FREEDMAN et 
aI., 1964). For instance, measuring the amount of disruption of FR performance has 
enabled us to determine that, in the rat (ApPEL and FREEDMAN, 1965) as in man (AB
RAMSON et aI., 1960), D-LSD is about 10 times as potent as both psilocybin and D-am
phetamine and 100 times as potent as mescaline. It has also enabled us to begin to elu
cidate the mechanism of action of psychotomimetics in vivo. For example, the finding 
that the disruptive effects oflow doses of LSD are potentiated following pretreatment 
with reserpine (ApPEL and FREEDMAN, 1964) or p-chlorophenylalanine (ApPEL et aI., 
1970a), by raphe lesions (ApPEL et aI., 1970b), or by intraventricular injections of the 
specific serotonergic neurotoxin 5,7-dihydroxytryptamine (JOSEPH and ApPEL, 1977), 
along with other pharmacologic evidence (GREENBERG et aI., 1975; KUHN et aI., 1976, 
1977, 1978), suggests that the behavioral effects of LSD are mediated at least in part 
by serotonergic neural systems. Similar results have also been reported with mescaline 
(BROWNE, 1978; BROWNE and Ho, 1975) and other psychotomimetics (ApPEL et aI., 
1977). 

2. Negative Reinforcement: Escape and Avoidance Behavior 

Even though LSD has been said to enhance sensitivity to noxious input (FREEDMAN 
and HALARIS, 1978), the bulk of the literature does not support the hypothesis that 
this or related compounds has unique effects on behavior maintained by the offset of 
stimuli (escape behavior); moreover, the effects that have been reported occur only 
at relatively high doses and depend largely on the specific procedure used (ApPEL, 
1968). For example, 0.50 mg/kg LSD, a dose much larger than that which reliably dis
rupts positively reinforced behavior (see above), (1) increases the speed of rats trained 
to run down an alley to escape from shock (HAMILTON, 1960), (2) has little effect on 
the speed of turning a wheel to escape from shock (or from a stimulus paired with 
shock) in an operant chamber (ApPEL et aI., 1967), and (3) decreases ability to escape 
from a water-filled T-maze (HAMILTON and WILPIZESKI, 1961). Thus, escape behavior 
has not been particularly useful in demonstrating selective effects of LSD. 

Avoidance behavior (i. e., behavior that is maintained by the response-contingent 
postponement of a stimulus) is affected unreliably by psychotomimetics (ApPEL, 
1968). The results seem to depend upon species, dose, and the nature ofthe avoidance 
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task. In the rat, relatively high doses of LSD (greater than 0.50 mg/kg) decrease re
sponding under various avoidance paradigms (McMILLAN and LEANDER, 1976); 
lower doses facilitate performance in some situations (JARRARD, 1964), but hinder it 
in others (McISAAC et aI., 1961). 

Smythies and his co-workers have reported that the effects of mescaline and its 
congeners on signaled avoidance responding in a shuttle-box depend upon how long 
after injection they are measured (SMYTHIES and SYKES, 1964, 1966). Shortly after drug 
administration, avoidance responding is depressed (relative to controls); that is, reac
tion times increase and the total number of responses decrease. Over time, these effects 
are reversed such that avoidance responding is facilitated; that is, mescaline-treated 
animals avoid shock faster and more often than controls. The authors contend that 
this biphasic, Bovet-Gatti profile is specific to psychotomimetics and can therefore be 
useful in drug "screening." However, recent investigations have failed to confirm this 
reported specificity (CALIL, 1978), and better screening procedures (e. g., procedures 
involving the discriminative stimulus properties of drugs) are available (ApPEL, et aI., 
1978; BARRY, 1974; CALIL, 1978; KUHN et aI., 1976, 1977). 

II. Respondent (Pavlovian) Behavior 

In the United States and in Western Europe, the effects of psychotomimetic drugs on 
behavior conditioned by respondent (Pavlovian) techniques, i. e., the contiguous pair
ing of conditioned (CS) and unconditioned (UCS) stimuli, have not been studied ex
tensively. Recently, however, increasing attention has been paid to this neglected area 
of behavioral pharmacology. 

1. Appetitive Conditioning 

In our laboratory, LSD (0.05-0.45 mg/kg) and quipazine (1-8 mg/kg), both of which 
probably function in vivo as central serotonin agonists (ApPEL et aI., 1978; ApPEL and 
WHITE, 1978; KUHN et aI., 1978; WHITE et aI., 1977), have been found to decrease key 
pecking behavior of pigeons maintained under an automaintenance procedure (in 
which a CS, brief illumination of a response key, is paired with a UCS, delivery of 
food). However, this effect was not specific to psychotomimetic (or serotonergic) com
pounds since various other drugs (e. g., pentobarbital and d-amphetamine) also de
creased responding (POLING and ApPEL, 1978). In a second experiment, both LSD and 
quipazine were found to have little effect on key pecking maintained under a negative 
automaintenance procedure, in which food (UCS) was presented following key illumi
nation (CS) only if the lighted key was not pecked; in this situation, both pentobar
bital and diazepam increased responding (POLING and ApPEL, 1979). Although these 
initial findings indicate that appetitively conditioned, respondent behavior is not se
lectively affected by psychotomimetics, the generality of this suggestion remains to be 
determined. 

2. Aversive (Defense) Conditioning 

"Aversive" respondent conditioning, i. e., procedures in which a CS (e. g., tone) pre
cedes delivery of a "noxious" UCS (electric shock) regardless of the organism's behav
ior, have also failed to reveal effects that are specific to psychotomimetics; as is the 
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case with many drugs, high doses apparently interfere with the conditioning of auto
nomic responses (e. g., "fear") while low doses have few reliable effects (ApPEL, 1968). 

A study by HILL et al. (1967) was concerned with the effects of LSD and several 
other drugs on bar-pressing behavior under an ESTES-SKINNER (1941) procedure, in 
which a tone (CS) paired with unavoidable shock (UCS) was superimposed occasion
ally on a baseline of positively reinforced responding (VI). It was found that bar press
ing, normally suppressed during the presence of the tone, was increased by LSD. It 
is known, however, that the effects of drugs under aversive conditioning procedures 
are notoriously sensitive to experimental parameters (ApPEL, 1963; MILLENSON and 
LESLIE, 1974). Thus, the results of Hill and co-workers (1967) do not always obtain. 
For example, in our laboratory, LSD (0.04-0.36 mg/kg) failed to increase the rate of 
responding suppressed by either the ESTES-SKINNER procedure or by a stimulus paired 
with time-out from positive reinforcement (unpublished observations). 

III. Perceptual Effects 

In 1968, a discussion of the perceptual effects of psychotomimetics concluded: 
Low doses of drugs such as LSD ... increase level of physiological arousal or alert

ness and decrease the ability of an animal to habituate to environmental stimuli which 
once were, but no longer are, relevant. Behaviorally, increases in amount of general
ization to auditory, visual, and other kinds of environmental stimuli and what may 
be described as enhanced sensory impact occur. Increased arousal and generalization 
may induce changes in an animal's ability to discriminate events in its environment 
but whether such changes take the form of increased or diminished accuracy of per
ception is multi-determinded (e. g., dose, time since the drug is given, and the nature 
of the task are extremely important) (ApPEL, 1968, p. 1219). 

Research since the foregoing was written confirms the conclusion that the percep
tual effects of psycho to mime tics are complex and that few, if any, general conclusions 
can be drawn from the available data. For example, whether or not LSD increases the 
generalization of auditory stimuli (pitch) in rats depends (among other things) on the 
measure of generalization used in a given experiment (ApPEL and DYKSTRA, 1977). A 
dose of 0.16 mg/kg was found to increase the amount of generalization when rate of 
responding was measured in a free-operant situation similar to that described by 
GUTTMAN and KALISH (1956), but had no effect on generalization along the same di
mension when probability of responding was measured in a discrete-trial, two-choice 
task (DYKSTRA and ApPEL, 1970, 1972). 

In an attempt to delineate the extent to which the perceptual effects of various 
drugs including LSD reflect changes in ability to discriminate stimuli (sensitivity) or 
changes in some other aspect of the organism's disposition to respond (criterion or 
bias), the theory of signal detection (GREEN and SWETS, 1966) has recently been used 
to analyze data obtained in a variety of discrimination situations (ApPEL and DYKS
TRA, 1977). In contrast to diverse compounds such as morphine, chlorpromazine, and 
Ll- 9 tetrahydrocannabinol (THC), LSD has no effect on the ability of either rats or 
pigeons to discriminate (detect): (1) differences between tones based on frequency 
(pitch) or duration (DYKSTRA and ApPEL, 1974), (2) differences between visual stimuli 
based on intensity (STRAUB and ApPEL, 1975) or duration (ALTMAN et aI., 1979), or 
(3) the presence or absence of either pure tones or mild shock in a background of 
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"white" noise (HERNANDEZ and ApPEL, 1979). However, at least some logically com
plex, conditional visual discriminations may be more susceptible to disruption by 
LSD than are simple unidimensional tasks (ApPEL and DYKSTRA, 1977). In any case, 
it is clear that LSD does not necessarily alter objectively defined measures of percep
tion in animals, despite the consistency with which humans report that (subjective) 
perceptual changes occur following ingestion of this compound (SANKAR, 1975). 

IV. Tolerance and Related Phenomena 

1. Tolerance 

Tolerance to the behavioral effects of psychotomimetics develops rapidly in many 
(e.g., FREEDMAN et aI., 1964; BECKER et aI., 1967; MAHLER and HUMOLLER, 1959; 
MCGOWAN, 1976), but not all (e. g., FREEDMAN and HALARIS, 1978; HAMILTON, 1960; 
GILLETT, 1960), situations and is a function of pharmacologic variables such as dose 
(FREEDMAN et aI., 1964) and behavioral variables such as the empirical consequences 
of altered rates of responding (MCGOWAN, 1976). 

2. Cross-Tolerance 

In general, when tolerance occurs to one psychotomimetic (e. g., LSD) cross-tolerance 
occurs to other psychotomimetics (e. g., psilocybin) in humans, rats, and birds (AB
RAMSON et aI., 1960; ApPEL and FREEDMAN, 1968; MCGOWAN, 1976); however, such 
relationships have not been examined for all combinations of these pharmacologically 
related agents and may depend critically upon dose. 

While there is evidence that cross-tolerance between LSD and the serotonin pre
cursor 5-HTP occurs, at least in the rat (CARTER and ApPEL, 1978), the behavioral ef
fects of LSD and other centrally acting CNS "excitants" such as D-amphetamine, 
which are mediated by different mechanisms, do not show cross-tolerance (ApPEL and 
FREEDMAN, 1968). 

3. Dependence 

Psychotomimetics do not induce physical dependence in either humans or other ani
mals, i. e., withdrawal symptoms do not occur when these drugs are witheld following 
chronic administration (JAFFE, 1965). At least in nonhumans, psychotomimetics do 
not induce psychological dependence, i. e., there is no evidence that animals will self
administer these compounds (SCHUSTER and JOHANSON, 1974). We discuss psycholog
ical dependence in humans elsewhere in this volume (see Chap. 6). 

V. Stimulus Properties of Psychotomimetics 

In all of the exeriments reviewed thus far, and in most of behavioral pharmacology, 
the physiologic changes (states) induced by drugs have been analyzed indirectly, in 
terms of the extent to which they disrupt ongoing activity. Drug states can also be an
alyzed directly; that is, in terms of the discriminative, reinforcing and other stimulus 
properties these states might have (THOMPSON and PICKENS, 1971). 
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1. Discriminative Stimulus Properties 

Relatively low doses of LSD, mescaline, and related psychotomimetics have strong 
discriminative stimulus properties (CAMERON and ApPEL, 1973; GREENBERG et aI., 
1975; HIRSCHHORN and WINTER, 1971; KUHN et aI., 1976, 1977; SCHECHTER and ROSE
CRANS, 1972); i. e., animals readily learn to respond differentially on the basis of 
whether or not a specific drug state or cue is present. For example, rats trained in a 
two-choice situation, in which responses on one lever (left) are reinforced intermittent
ly (with water) following i. p. injections of 0.08 mg/kg LSD while responses on the 
other lever (right) are reinforced following saline, learn within 40 sessions (trials) to 
respond on the lever appropriate to the substance received (GREENBERG et aI., 1975). 
When doses of the training compound other than the training dose are subsequently 
administered during sessions in which no reinforcers are delivered, a generalization 
gradient occurs that is similar to those obtained when other discriminative stimuli 
(lights, tones, etc.) are used; as the difference between the test and the training stimulus 
intensity (dose) increases, the proportion of "drug" responses (i. e., those reinforced 
following drug administration during training) decreases (ApPEL et aI., 1978). 

In general, there is relatively good generalization or cross-transfer between the dis
criminative effects of LSD, mescaline, psilocybin, and quipazine (ApPEL et aI., 1978; 
ApPEL and WHITE, 1978). In other words, an animal trained to respond in a particular 
manner in the presence of one of these agents behaves in a similar manner when one 
of the other drugs is given. Indeed, transfer studies have been useful in classifying 
drugs since compounds within a given pharmacologic class appear to have similar dis
criminative stimulus properties. However, amount of transfer is a function of dose 
(OVERTON, 1971). 

We have argued elsewhere that the drug discrimination procedure, because of its 
sensitivity and specificity, promises to be very valuable to behavioral pharmacology 
(KUHN et aI., 1976, 1977; ApPEL et aI., 1978). It has already helped several groups of 
investigators elucidate the mechanism of action in vivo of diverse compounds includ
ing psychotomimetics (ApPEL et aI., 1978). For example, drugs and other inter
ventions that modify the functional activity of serotonergic neurons, also alter the 
ability of rats to discriminate low doses OfD-LSD (KUHN et aI., 1978) and quipazine 
(ApPEL and WHITE, 1978; WHITE et aI., 1977). Other transmitter agonists and antag
onists do not have this effect. These results, which parallel those of drug-interaction 
studies utilizing schedule-controlled behavior (see above) and studies involving the 
stereo-specific binding ofD-LSD in vitro (AGHAJANIAN et aI., 1975; BENNETT and SNY
DER, 1975, 1976; LOVELL and FREEDMAN, 1976), suggest that the behavioral effects of 
LSD and quipazine are mediated by direct stimulation of (postsynaptic) 5-HT or hal
lucinogen (LSD) receptors. 

2. Reinforcing Properties 

Even though most drugs that are self-administered by humans (e. g., opiates, amphet
amines, barbiturates) are also self-administered by other animals (THOMPSON and 
PICKENS, 1975), there is no evidence that psychotomimetics are self-administered (i. e., 
serve as positive reinforcers) by species other than man. Rather, LSD may have neg
atively reinforcing properties, since rhesus monkeys respond in order to terminate 
stimuli associated with the delivery of this compound (HOFFMEISTER, 1975; HOFF-
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MEISTER and WUTTKE, 1973). However, it should be noted that whether a given agent 
is self-administered or avoided depends upon a large number of biochemical, physi
ologic and behavioral parameters (GOLDBERG, 1976). 

3. Unconditioned Stimulus Properties 

It has been shown, in a series of experiments, that LSD is one of several psychoactive 
compounds that can function effectively as a UCS (CAMERON and ApPEL, 1972a, 
1972b, 1976). That is, when a stimulus such as a light or tone is paried with i.p. in
jection of LSD and is subsequently presented while a rat is pressing a bar under a VI 
schedule of food reinforcement, response rate is significantly decreased. This finding 
has been taken to indicate that LSD may be "aversive," i. e., similar to stimuli such 
as shock in the ESTES-SKINNER (1941) paradigm. However, this interpretation is open 
to question in view of recent demonstrations that stimuli paired with the noncontin
gent presentation of food (a seemingly nonaversive stimulus) may also decrease food
maintained responding (e. g., POLING et aI., 1977). 

c. Summary and Conclusions 
Many of the learned behaviors of nonhumans are affected by relatively low doses of 
LSD and similar drugs. Within any given paradigm, the effects of these compounds 
appear to be relatively consistent. However, both behavioral and pharmacologic 
parameters can influence the magnitude and direction of drug effects. Thus, asking 
"how do psychotomimetics affect behavior controlled by certain variables (e.g., 
positively reinforced behavior)?" is much like asking, "how fast do humans run?" 
The answer to each question depends upon a variety of factors; neither question 
can be answered meaningfully in the abstract. 

Beyond being sensitive to low doses, a behavioral procedure for evaluating drug 
effects should show selectivity, i. e., not all compounds should produce the same ef
fect. Ideally, drugs that are demonstrated to be similar in other assays (e. g., tests of 
in vitro activity) should produce similar behavioral effects; drugs with dissimilar ef
fects in other assays should not have the same effects on behavior. 

Several behavioral procedures do demonstrate selective effects of LSD, mescaline, 
psilocybin, and quipazine. For instance, these drugs have uniquely similar discrimina
tive stimulus properties and share similar time-courses of action under certain avoid
ance schedules. However, selective effects are not so readily demonstrated under some 
other, commonly used behavioral procedures. For example, responding under a short 
FR schedule of positive reinforcement may be decreased in dose-dependent fashion 
by compounds with very different mechanisms of action, such as LSD, D-amphet
amine, atropine, and ethanol. A more detailed analysis of drug effects and drug inter
actions under such a procedure may, nonetheless, disclose selective effects; for in
stance, the specific manner in which rates are reduced differ following treatment with 
different combinations of 5-HT, DA, ACh agonists, and nonselective CNS de
pressants. 
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CHAPTER 4 

Biochemical Pharmacology of Psychotomimetics 

D. X. FREEDMAN and W. O. BOGGAN 

A. Introduction 
The long and recently accelerated search for mechanisms of actions of drugs with psy
chotomimetic effects has utilized a broad array of classic pharmacologic and structure 
activity approaches (CERLETTI and DOEPFNER, 1958; HOFMANN, 1968), as well as quan
titative structure activity relationships linked to molecular and submolecular proper
ties (BARNETT, et aI., 1978). Behavioral and psychopharmacologic studies in man 
(HOLLISTER, 1968; FREEDMAN, 1968) and animal (ApPEL, 1968; CAMERON and 
ApPEL, 1973; JACOBS et aI., 1977) have appeared. Also utilized have been the tech
niques of neurophysiology (BRAWLEY AND DUFFIELD, 1972; AGHAJANIAN and WANG, 
1978; JACOBS and TRULSON, 1979); and biochemical pharmacology (GIARMAN and 
FREEDMAN, 1965; BRIMBLECOMBE, 1973; FREEDMAN and HALARIS, 1978) as applied to 
CNS neurons. Central to this research has been a focus on D-Iysergic acid diethylam
ide (LSD) because of the specificity, high potency, and reliability with which the drug 
produces a time-limited period of altered mental functioning. Approximately a bil
lionth of a gram of LSD per gram of brain produces a 10-h state in which there is a 
compelled enhanced attention to subjective experience, a vividness of perception and 
affectivity (which is labile), and a diminished control over attention to environmental 
input (to which there is an enhanced but variably sustained reactivity). The experience 
is a fluid, multipotential one with underlying regularities (FREEDMAN, 1968), begin
ning with vivid sensory and affective and perceptual changes and continuing to a 
"postacute" phase that is marked by paranoid cognition and ideas of reference 
(FREEDMAN, 1968; BRAWLEY and DUFFIELD, 1972). Interestingly, the misinter
pretations of reality and heightened subjectivity after LSD are similar to those seen 
in acute, florid, psychotic states (BOWERS and FREEDMAN, 1966), but not in chronic 
schizophrenias. It is in contrast to the amnestic and confusional effects of cholinomi
metic deliriants; the variable effects of amine precursors or synthesis inhibitors; the 
very rare and uncertain psychotomimetic effects of single doses of stimulants in 
nonaddicts; the neurologic and performance decrements of the dissociative anesthet
ics such as phencyclidine; and the toxic confusional or affective states produced vari
ably by a wide range of other drugs and hormones. 

This review centers, then, on LSD, the drug which has received the most sustained 
focus of experimental work. We will refer to the related indolealkylamine psychotomi
metics and the phenylethylamine psychotomimetics (epitomized by mescaline), or the 
methoxylated amphetamines (2,5-dimethoxy-4-methylamphetamine, DOM) primari
ly as they help to bring into focus mechanisms which clarify our knowledge about 
LSD or point to experimentally verifiable hypotheses that might elucidate the bio
chemical mechanisms of action of this class of psychotomimetic effects. 
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Candid assessment of over 30 years of extensive but rarely sustained and system
atic studies of LSD reveals several problems: 

1) The nonequivalency and nonselectivity of a vast range of often poorly under
stood and unreplicated behavioral measures; 2) Studies in a wide range of species 
(from invertebrates to goats and man) which provide an often uncertain basis upon 
which inferences about drugs or subclasses of them are frequently based; 3) Failure 
to note similarities and differences of receptors within the periphery and CNS or to 
take species differences with regard to this into account; 4) Utilization of agonists and 
antagonists [especially of serotonin (5-HT)] which are only partially characterized in 
terms of their pharmacology and physiologic effects, and selected on the basis ofvari
ous reference systems (e.g., smooth muscles) (DYER and GANT, 1973; GREEN, 1978 a; 
GADDUM, 1957; COSTA, 1956) in order to deduce functional significance or character
ize CNS receptor activities of LSD; 5) Imprecision in defining inferred or observed 
receptor "stimulation", e.g., effects on autoreceptors at the raphe soma versus effects 
on autoreceptors at nerve endings, or whether postsynaptic effects, are in fact inhibi
tory or facilitating; 6) The lack of systematic criteria for assessing "low" and "high" 
doses in human and animal behavioral, electrophysiologic, or biochemical test sys
tems; 7) The failure to utilize both threshold and maximal dosages to determine cor
relations over time with sequence and duration effects; and 8) Lack of precise state
ments as to what is sought in experiments. 

Remedies to these problems should be apparent. For example a standard array of 
drugs, of "R" and "S" isomers and equivalent dosages determined on reliable human 
and animal behavioral, physiologic and receptor assays, might, if applied to brain 
studies, clarify many of the ambiguities due to sporadic study and interpretation. 

If there were a unique biologically measurable response that differentiated psy
chotomimetics from all other drugs, the tracking of this might provide leads to ac
countable brain functions and to clinically encountered disorders. But no single mo
lecular, biochemical, receptor, neural, or behavioral event has yet been found to char
acterize all psychedelic compounds. In fact there are real differences in the biochem
ical FREEDMAN et aI., 1970) and neural response to the structurally different classes 
of drugs with similar mental effects (e.g., phenylethylamine and indole psychotomi
metics). Effects ofmethoxylated amphetamines in single dosage are unclear (slightly 
elevated 5-HT and 5-hydroxyindoleacetic acid (5-HIAA), levels that resemble findings 
with higher doses of mescaline [FREEDMAN et aI., 1970]), while depletion of 5-HT after 
parachlorophenylalanine (PCP A) is reduced by mescaline and DOM (TONGE and 
LEONARD, 1969; LEONARD and ANDEN et aI., 1974). Within a single class, however, 
LSD, its psychoactive congeners and related indoleamines (such as N-N,dimethyl
tryptamine (DMT), psilocin, and psilocybin), show similarities and can be ranked by 
potency at the serotonergic dorsal raphe neuron, by their greater sensitivity 
at the raphe soma than at postsynaptic 5-HT membranes (AGHAJANIAN, this volume), 
and by their effect on 5-HT metabolism (FREEDMAN et aI., 1970). Differences among 
the indole group are also noted in in vitro receptor binding affinities and in effects 
on norepinephrine metabolism (STOLK et aI., 1974). 

Leads sought in the biotransformation of endogenous indoles or tetrohydrocarbo
lines into psychotomimetically active substances (GIARMAN and FREEDMAN, 1965; 
BRAWLEY and DUFFIELD, 1972) have not been sustained on further study. Thus while 
methylated tryptamines (DMT, 5-methoxy-DMT, 5-methoxytryptamine) or phenyl-
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ethylamines have been identified in human tissue, the monoamines per se have not 
been shown to be psychotomimetic. Furthermore, even though methylated indoles 
with psychotomimetic potential (DoMINo, 1975; KOSLOW, 1976) can be generated in 
mammalian tissue, the data do not link these biotransformations uniquely to schizo
phrenia (GILLIN et aI., 1976) as the methylation hypothesis (BALDESSARINI et aI., 1979) 
predicted. While there has been interest in biotransformation of psychotomimetic 
drugs as accounting for potency, e.g., HENDLEY and SNYDER (1971), or with respect 
to diethyltryptamine (SZARA et aI., 1962), 6-hydroxylation in man has not been proven 
accountable (ROSENBERG et aI., 1963; SNYDER and RICHELSON, 1968), nor have metab
olites of mescaline (N-acetylmescaline and 3,4,5-trimethoxyphenylacetic acid) yet 
been linked with effects in man (CHARALAMPOUS et aI., 1966) or animal (SMYTHIES et 
aI., 1967). The mechanisms by which N-N,dimethylation or O-methylation (DE MON
TIGNY and AGHANJANIAN, 1977) of indoles can enhance potency of an indoleamine 
have not been linked to endogenous metabolic events of clinical significance. All this 
is not to deny that the duration and onset, as well as potency of some drugs would 
not be influenced by biotransformations e.g., the in vivo conversion of psilocybin to 
psilocin (HORITA, 1963). 

Structural similarities between phenylethylamines, methoxylated amphetamines, 
and LSD have been noted by NICHOLS et ai. (1978). SHULGIN has noted that the more 
potent psychotomimetic isomers are those with absolute "R" configuration at the 
chiral center (ANDERSON et aI., 1978), and these and other molecular properties, such 
as electron-donating capacity or preferred ring formation formed by intramolecular 
hydrogen binding (by which phenylethylamines might present to receptors as an in
dole), have been used to predict potencies and receptor characteristics (e.g., KANG and 
GREEN, 1970). The absolute configuration of optical isomers has indeed proved useful, 
but predictions utilizing other quantitative parameters have been useful to only a 
limited extent for some families of compounds. No general theory yet accounts for 
the unique psychotomimetic property of all psychedelic drugs or receptor characteris
tics (BRAWLEY and DUFFmLD, 1972). 

The search, then, has been for leads, for signs of what components of central ner
vous system function could be cogently followed to account for psychotomimetic ef
fects, and especially a relatively specific pattern of them. Tryptaminergic (MARTIN and 
SLOAN, 1977), adrenergic, dopaminergic, histaminergic (GREEN et aI., 1978 b), and se
rotonergic systems have been implicated. Without doubt, serotonergic systems -
whatever measures are used - seem most readily to yield evidence of effects of LSD
linked psychotomimetics. But whether one or several of these or other systems is nec
essary and sufficient for the initiation of effects, or for enhancing or inhibiting the 
potency and intensity of all or different components of effects is unclear. 

B. Effects in Man 
Obviously required are clear, replicated, reliable, and nonanecdotal observations of 
the essential components and sequence of psychotomimetic effects in man. Here the 
extensive studies of, and experience with, effects of LSD in man provide some solid 
framework for deductions as to mechanisms. However, since the relevant pharmaco
logic parameters and essential psychopharmacologic effects were not apparent until 
late in the course of human and animal studies (when human studies were con-
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strained), clearly reliably and replicable cataloguing, quantification, and comparison 
of effects of the range of relevant drugs in man are still needed if correlational work 
is to be donse. SHULGIN et aI., (1969) have attempted comparative potency estimations 
across drugs and expressed these as "mescaline units." However, many of the 
methoxylated amphetamines are known either by anecdotal account or have not been 
tested for replication by various laboratories. Also needed are unambiguous and clari
fying studies concerning antagonists in man; thus, suppression or dampening of LSD 
effects by dopamine-blocking agents is yet to be distinguished from prevention of ef
fects. 

With these ambiguities in view, it is useful to note that the initiation of a train of 
effects ("trip") following LSD must be accounted for. What can be said is that neither 
the initiation nor the subsequent unfolding effects can be attributed to intermediate 
metabolites of LSD (NIWAGUCHI et aI., 1974). Effects begin within a minute or two 
following intrathecal injection in man. Brain concentrations of drug peak early in the 
time course after injection, are always about 1,000-fold less than the plasma (ROSE
CRANS et aI., 1967), and correlate with the onset of behavioral effects of rat (FREEDMAN 
and BOGGAN, 1974). Within the brain, the drug is preferentially concentrated in op
tical and limbic areas (and pineal) of the rat (FREEDMAN and COQUET, 1965) and mon
key (SNYDER and REIVICH, 1966). A residual drug binding is noted in selective brain 
areas (DIAB et aI., 1971) and the choroid with autoradiographic study. While radio
active LSD in minute amounts can be identified in brain 12 or more hours after in
jection, systematic correlations with either biochemical or behavioral effects at these 
extended time intervals are lacking. Clearance from the brain regularly follows the 
plasma half-life of LSD which marks the termination of acute behavioral effects 
(about 45 min to a behavioral threshold dose in rat, and between 3 and 4 h in man 
[AGHAJANIAN and BING, 1964]). Half-life is dose dependent (larger doses slightly ex
tend it) and species specific (rapid in mouse and slower in cat and monkey). This must 
be considered when comparing dose and effect across species. 

In assessing the relevance of animal data to human mental effects, several criteria 
should be noted. There is first a threshold dose (between 25 and 50 Jlg) necessary for 
the psychedelic sequence to be triggered; once triggered, effects thereafter "unfold" 
(linked to drug clearance). Secondly, a concomitant mydriasis is necessary for the trig
gering of the sequence of psychotomimetic events; this is a dose-dependent response 
in both magnitude and duration of the effect (see FREEDMAN, 1961 b). Third, tolerance 
to both the mental effects and mydriasis occurs, appears to be complete after several 
daily doses, and is lost after 4 days (ISEBELL et aI., 1959a, b; FREEDMAN, 1961 b); in 
unpublished studies, a degree of acute tolerance was observed (e.g., total duration of 
the effect is not additive [FREEDMAN, 1968]). Fourth, with appropriate dosage regi
mens, there is a cross tolerance with psilocybin and mescaline (ApPEL and FREEDMAN, 
1968), as well as with DMT (KOVACIC and DOMINO, 1976), but not with delta-9-tet
rahydrocannabinol (LJ 9THC) or amphetamine (BALESTRIERI and FONTANARI, 1959; Is
BELL et aI., 1964). Fifth, several pretreatments with 2-bromo-lysergic acid (BOL) (Is
BELL et aI., 1959b) can attenuate the intensity and, probably, the duration of the LSD 
response. The potency of BOL in high dosage to produce some psychotomimetic ef
fect has been argued (GREEN et aI., 1978 a, b), but a clear-cut psychedelic sequence, 
rather than other subjective effects, is simply not apparent (BERTINO et aI., 1959; 
SCHNECKLOTH et aI., 1957). It is not clear whether BOL blocks or attenuates through 
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cross tolerance (CLARK and Buss, 1957; ISBELL et aI., 1959b; BALESTRIERI and FON
TANARI, 1959; MURPHREE et aI., 1958; ABRAMSON et aI., 1958). As has been noted, the 
issue of blockade and prevention, rather than dampening of LSD effects by neurolep
tics and benzodiazepines, simply requires precise clinical investigation (CLARK and 
Buss, 1957; ISBELL and LoGAN, 1957). Sixth, reserpine pretreatment (ISBELL and 
LooAN, 1957), even 48-72h before LSD (FREEDMAN, 1961b) enhances and prolongs 
the LSD response in man. On the other hand, chronic, but not acute pretreatment with 
monoamine oxidase inhibitors has been reported (REsNICK et aI., 1964) and noted anec
dotally to significantly dampen the LSD effect (whether this is due to a "pan-mono
aminergic" subsensitivity has never has been investigated). Finally, the "TV show in 
the head" - the acute phase in man - correlates with the plasma half-life of LSD, 
about 4 h for a dose of Illg/kg (AGHAJANIAN and BING, 1964), while a discernibly al
tered state (and failure of pupil size to return to normal) continues for a subsequent 
4-6 h. These seven characteristics should therefore be accounted for in deducing the 
array of neurobiological substrates of animal study that may be relevant to the psy
chedelic drugs. 

Keeping in mind the temporal and dosage regimen factors and problems of repli
cability and reliability of different reported effects, we will review recent developments 
in the search for accountable mechanisms, summarizing previous data and highlight
ing more recent work. In overview, the solid and compelling leads have long linked 
LSD and congeners to central neural and biochemical mechanisms that regulate 5-HT 
and, to a lesser extent, catecholamines. The effects on norepinephrine (NE) and do
pamine (DA) systems and their interactions with adenylate cyclase have been more 
recently studied (although not at all comprehensively). Perhaps the most extensive re
cent work has been on the stereospecific, high-affinity binding of 3H -LSD and its in
teractions with 3H-DA or 3H-5-HT sites and putative dopamine and catecholamine 
antagonists. Long- and short-term effects on the regulation of the turnover of 5-HT 
and catechols that may be related to tolerance (possibly to any long-term behavioral 
aftereffects of LSD) have also been noted. Subcellular investigations with LSD point 
to the identification in nerve ending mechanisms of endogenous 5-HT carrier systems 
(FREEDMAN and HALARIS, 1978; HALARIS and FREEDMAN, 1977) or substances (TAMIR 
et aI., 1976; MEHL and GUIARD, 1978; MEHL et aI., 1977) regulating the binding and 
release (HERY et aI., 1979) of monoamines. The identification of a nonpsychotomi
metic ergoline, lisuride, with potent 5-HT and DA agonist effects poses theoretical 
problems about the distinctiveness of the LSD effects on biochemical measures (PIERI 
et aI., 1978b). Finally, new information is generated by the hitherto rare availability 
of coupled behavioral, electrophysiologic and biochemical measures in the same or
ganism (TRULSON and JACOBS, 1979b). 

c. 5-HT and LSD 
GADDUM (1953) and WOOLLEY and SHAW, (1954) modeled the effects of LSD on its 
antagonism ofperipheral5-HT systems; agonistic effects at low dosages and antago
nistic effects at higher dosages of LSD were later cited (GADDUM, 1957). Since then, 
three lines of evidence implicate LSD in CNS mechanisms regulating 5-HT. One set 
comprises effects on 5-HT levels and compartmentalization (FREEDMAN, 1961 a; 
SCHANBERG and GIARMAN, 1962); turnover (ROSECRANS et aI., 1967; DIAZ et aI., 1968; 
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ANDEN et aI., 1968; ANDEN et aI., 1971}; synthesis (LIN et aI., 1969; SCHUBERT et aI., 
1970; SHIELDS and ECCLESTON, 1973); inhibition of nerve ending stimulated release 
(see HERY et aI., 1979); and retention of 5-HT taken up by brain slices (ZIEGLER et aI., 
1973). Secondly, reduction of rat brain 5-HT levels by synthesis inhibition, raphe le
sion, or reserpine (ApPEL and FREEDMAN, 1964; ApPEL et aI., 1970a, b) causes a strik
ing reduction (three- or four fold) in the threshold dose of LSD required for behavior
al effects. The third is the highly sensitive agonistic effect of LSD on the raphe soma 
and mixed effects on 5-HT innervated postsynaptic membranes (AGHAJANIAN et aI., 
1975; DE MONTIGNY and AGHAJANIAN, 1977). 

Generally, the biochemical effects of LSD will be found to entail events at the 
nerve terminal, both unique intrasynaptosomal compartmental effects and effects on 
the nerve ending membrane. LSD induces inhibition of 5-HT release and retention of 
5-HT which is contingent on active, not passive, local membrane processes. LSD also 
produces an inaccessibility of 5-HT to MAO without directly inhibiting the enzyme 
(COLLINS et aI., 1970). Slowed conversion of tryptophan to 5-HT could be due to LSD 
as a "false transmitter" at postsynaptic membranes, acting via neural feedback loops, 
or via local pre- and postsynaptic mechanisms. A presynaptic effect which does not 
involve a direct effect of LSD on the soluble tryptophan hydroxylase seems probable 
(HAMON et aI., 1976; BOURGOIN et aI., 1977), whereas a positive feedback process in
duced by methiothepin (a neuroleptic and 5-HT antagonist that induces synaptic re
lease of 5-HT and increased synthesis) can act via the hydroxylase and be blocked by 
LSD. The positive feedback mechanism is present in neonatal rats; but the negative 
feedback on conversion of tryptophan to 5-HT after LSD is not, even though 5-HT 
effects occur (BOURGOIN et aI., 1977). The "signals" regulating these nerve terminal 
interactions require further dissection and definition. In brief, there are several events 
which distinctively characterize the effect of LSD and bring a focus on presynaptic, 
i.e., nerve terminal, events (FREEDMAN, 1961 a; FREEDMAN and HALARIS, 1978; HERY 
et aI., 1979). It is therefore useful to focus on different periods in order to clarify the 
sequence of events after LSD. 

I. The First 60 Min 

To summarize the effects of LSD as "slowing the turnover of 5-HT" obscures events 
and mechanisms evident during a close examination of the first 60 min following a be
haviorally active dose of LSD. Our laboratory, beginning with rope-climbing behav
ior and later with positively reinforced operant schedules in the rat (FREEDMAN et aI., 
1958; ApPEL and FREEDMAN, 1965), could meet the criteria for a threshold dose, tol
erance to both the sympathomimetic and behavioral effects in the rat with similar time 
parameters as those observed in man, and the same array of cross-tolerance effects 
(ApPEL and FREEDMAN, 1968). Thus temporal parameters are established for an acute 
phase of effects in the rat, with which biochemical changes and clearance of drug are 
correlated with grossly observable and quantifiable behavioral changes (piloerection, 
EEG alerting, hind limb ataxia, abrupt cessation of bar pressing) (FREEDMAN and 
GIARMAN, 1963). Following the behaviorally active dose in the rat (and other species 
[FREEDMAN and GIARMAN, 1962]), a 12%-20% increase in whole brain 5-HT and simi
lar percentage decrease in 5-HIAA are observed (ROSECRANS et aI., 1967; DIAZ et aI., 
1968). The effects are stereospecific; nonpsychoactive congeners did not induce it 
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(FREEDMAN, 1961 a, b; 1963; FREEDMAN et aI., 1970). The peak fall in 5-HIAA occurs 
first (30 min after 520 Jlgjkg i.p.) and the peak rise in 5-HT at 45 min, correlating with 
both the termination of acute behavioral effects and the clearance of the drug to its 
half-life value. With lower doses, the peak effect on 5-HT occurs earlier, with higher 
or cumulative doses, later. There is, however, a ceiling (about 100 mJlgjgm) on the in
crease in 5-HT (FREEDMAN, 1961 a, b). This increase in confined largely to the particu
late fraction after 100,000 x g spin (FREEDMAN, 1961 a, b; SCHANBERG and GIARMAN, 
1962). For example, doses of LSD as low as 130 Jlgjkg at 30 min increase P2 5-HT 
by 37%; 45 min after 520 Jlgjkg the increase is 95%; with osmotic disruption of nerve 
ending fractions (HALARIS et aI., 1972; HALARIS and FREEDMAN, 1977), the increase 
in 5-HT is almost entirely in the vesicular subfraction (an increase of 50% or more). 

This particulate increment is dependent on newly synthesized 5-HT since it does 
not appear after inhibition oftryptophan hydroxylase or the decarboxylase, or during 
the period of negative feedback inhibition induced by the reuptake blockade with 
chlorimipramine (HALARIS et aI., 1973; FREEDMAN and HALARIS, 1978). Nevertheless, 
whole brain 5-HIAA still drops early in the time course. Thus, a dissociation of the 
5-HT and 5-HIAA events is evident. The increase of 5-HT and fall of 5-HIAA is ap
parent after reserpine, even when 5-HIAA levels are markedly elevated. Thus a brief 
period of inaccessibility of 5-HT to MAO in the absence of inhibition (COLLINS et aI., 
1970; FREEDMAN et aI., 1970) is an early effect of LSD. 

Other events during the first 60 min are catecholamine changes (small decreases 
in NE and tyrosine, and with large doses, a small increase in DA at about 60 min 
[SMITH et aI., 1975]). There is an increase in brain tryptophan (and concomitantly of 
plasma corticosterone) which peaks at 60 min (FREEDMAN and BooGAN, 1974). Both 
the brain tryptophan and plasma steroid effects are abolished with adrenalectomy and 
to a very great extent after hypophysectomy (HALARIS et aI., 1975), procedures that 
do not influence the increase of 5-HT and decrease in 5-HIAA. The slowed in vivo 
conversion oflabeled tryptophan to 5-HT begins as early as 21 min after drug admin
istration (SHIELDS and ECCLESTON, 1973) and probably earlier (FREEDMAN and BOG
GAN, 1974), but it is sustained up to 2 or more hours, as are the onset and duration 
of measures of reduced turnover (ANDEN et aI., 1968; ANDEN et aI., 1971; DIAZ et aI., 
1968). Obviously, simply a "slowed-down" turnover does not describe key events. 

ll. Beyond 60 Min 

Analysis of events from 60 to 120 min (FREEDMAN and HALARIS, 1978) shows that the 
decline of 5-HT toward baseline after 45 min is paralleled by afurther decline in 5-
HIAA. This may possibly reflect an "equilibrium phase" of slowed-down synthesis in 
which utilization of 5-HT (contingent on nonrelease) is also diminished. The 5-HIAA 
curve for the feedback period of decreased synthesis induced by chlorimipramine 
(CMI) is similar to this second phase 5-HT -5-HIAA effect of LSD (HALARIS et aI., 
1973). Interestingly, the brief and early first 30-min increase in 5-HT produced by 
CMI does not occur in the nerve ending or vesicular fraction (FREEDMAN and HALARIs, 
unpublished data; HALARIS and FREEDMAN, 1977). Ifthis later, sustained second phase 
of reduced turnover is produced by negative feedback, it is still unclear if LSD is acting 
as an agonist (and where), and how and where the early slowed conversion of tryp
tophan to 5-HT is signaled. 
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Finally, the effects on 5-HT and 5-HIAA appear to be independent of the direct 
effect of LSD in inhibiting firing in the raphe soma, since after raphe lesions both 5-
HT and 5-HIAA effects were still found in the forebrain (FREEDMAN and HALARIS, 
1978). Thus, the early 5-HT and 5-HIAA effects of LSD can be dissociated, but also 
appear to be nerve terminal events, relatively independent of drug effect on the soma. 

The strongest evidence and possible focus on mediating mechanisms for these ef
fects comes from data showing that the release of 5-HT from electrically or K + -stim
ulated striatal slices (CHASE et aI., 1967; HAMON et aI., 1974; BOURGOIN et aI., 1977) 
is inhibited by LSD. The drug also inhibits the uptake of 3H-5-HT into brain slices 
as well as enhances the retention of intraventricularly applied 3H-5-HT (ZIEGLER et 
aI., 1973). This latter effect can be abolished by depolarization with ouabain. Further, 
when the effiux oflabeled 5-HT and metabolites is measured in ventricular fluid, there 
is a retention of 5-HT after LSD, but not after CMI. Perhaps the most elegant evi
dence comes from the use of a push/pull cannula in the head of the caudate nucleus 
with a release of 3H-5-HT continuously synthesized from labeled tryptophan; this lo
cal superfusion technique highlights events at the nerve ending terminal. Thus with 
local depolarization of 5-HT terminals with KCl or batrachotoxin, a release of 3H_ 
5-HT is seen, and the potassium-evoked release was markedly reduced by LSD (HERY 
et aI., 1979). 

Both the effects of LSD in slices or in vivo appear to depend on an active mem
brane phenomenon; LSD could not prevent release in vivo in the absence of depolar
izing stimuli. These effects possibly involve calcium and other ion channels (HERY et 
aI., 1979), and such membrane effects have been adduced with electrophysiologic 
studies as well (MARRAZZI and HUANG, 1979). It should be noted that the observation 
by MARCHBANKS (1966; 1967) of substantial inhibition by LSD of 5-HT synaptosomal 
uptake at 4 DC (a) was nonstereospecific, and (b) could not be replicated when effect 
were examined at 37 DC (FREEDMAN and HALARIS, 1978). 

Ill. LSD-5-HT Summary 

Thus, the four unique effects of LSD on the nerve ending are I) to inhibit release; 2) 
to cause an early inaccessibility of intrasynaptosomal 5-HT to MAO; 3) to produce 
a subsequent retention of newly synthesized 5-HT which is normally stored in reser
pine-sensitive vesicles; and 4) to create a later period of sustained, retarded synthesis 
and turnover and utilization of 5-HT. When vesicular storage is impaired, there is still 
retention (binding?) in the soluble juxtavesicular compartment leading to the sharp 
early drop in 5-HIAA. This juxtavesicular retention after LSD can be seen even 15 
days after reserpine treatment. It is speculated that this compartment may contain a 
"carrier" for 5-HT, moving the amine to a vesicle, to terminal membrane, or to 
mitochondrial MAO. Whether the initial event is at the terminal membrane or at the 
carrier site, or both, there is somehow a negative feedback which is drug or amine in
duced and which leads to longer term effects on synthesis. TAMIR et al. (1976) char
acterized a soluble nerve ending substance capable of binding serotonin, probably an 
actinlike molecule; however, its drug interaction characteristics are not in accordance 
with those required from biochemical studies of LSD. On the other side of the coin, 
MEHL and colleagues (1977, 1978) have reported substances in human cerebrospinal 
fluid that are capable of displacing LSD from high-affinity binding sites in neuronal 
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membranes. These substances are heat stable, of low molecular weight (500), and 
anionic at pH 7.4. The continued search for binding and displacing substances or re
lated materials is clearly suggested. 

While LSD clearly has electrophysiologic effects on postsynaptic and presynaptic 
serotonergic neurons, biochemical and membrane effects at the nerve terminal appear 
to be at least semi-independent of the action potential generated at the raphe. Inter
ference by LSD with normal traffic of 5-HT may lead to less amine available to post
synaptic elements, leaving the drug free to bind to these receptors and to exert its char
acteristic combined agonistic and antagonistic postsynaptic effects at 5-HT and re
lated acceptor sites. LSD appears very early in its course of action to initiate a se
quence offeedback effects that extend beyond the first 60 min that will require focus. 
Whether the biophysical effects of LSD on nerve terminals, on the raphe soma, and 
on postsynaptic membranes are identical, is not known. 

D. Other Psychotomimetics 
An elevation of 5-HT and decrease of 5-HIAA also occurs early in the time course 
of psilocybin, psilocin, and DMT, but not with behaviorally active doses of mescaline 
or DOM (FREEDMAN et aI., 1970). This is in contrast to the reports of TONGE and 
LEONARD (1969) that the LSD pattern on 5-HT and 5-HIAA occurred with all psy
chotomimetics (including cholinolytics), an effect we could not replicate even using 
the same strain of rats (FREEDMAN and HALARIs, 1978). It is not as yet clear whether 
the unique retention of 5-HT in the vesicular subfraction occurs with all related in
doleamine psychotomimetics. We do observe marked and significant increases in the 
p 2 fraction prior to osmotic disruption with doses of LSD as low as 130 I!gjkg at 
20 min (37%), an increase of95% after 520 I!gjkg. At 45 min after 50 mgjkg DMT, 
the increase is 46%; after 25 mgjkg psilocybin, 90%; and after 2 mgjkg BOL, 23%. 
Yet, after L-LSD and after 50 mgjkg mescaline at 60 min (or CMI), there is no signif
icant effect (FREEDMAN, HALARIS and DEMET, unpublished data). 

With respect to mescaline, the data show that low doses, very early in the time 
course, may slightly elevate 5-HT and decrease 5-HIAA. This is evident also for doses 
ofDOM at 1 mgjkg (FREEDMAN et aI., 1970). Interestingly, both inhibit only a subset 
of dorsal raphe cells and stimulate others. For both drugs, 5-HT and 5-HIAA in
creases are clearly evident with behaviorally active doses. After the first, but not the 
second, dose of DOM in the cat, a slight elevation of 5-HT was noted, and the con
version of labeled tryptophan to 5-HT in brain slices of such LSD pretreated cats was 
increased (WALLACH et aI., 1972). Yet ANDEN et ai. (1974) found slowed turnover after 
DOM - but not mescaline - while TONGE and LEONARD (1969) found slowed turnover 
for both. These issues with respect to mescaline and DOM need to be clarified, espe
cially since possible 5-HT links of mescaline are argued by GEYER et ai. (1978) and 
WINTERS (1971). 

It is curious that compounds such as amphetamine, which become psychotomi
metic in chronic dosage, differ from LSD, which tends to show tolerance with chronic 
dosage. Although McLEAN and MCCARTNEY (1961) noted that with increasing and 
toxic doses of amphetamine, effects on levels of 5-HT and NE resemble those de
scribed for LSD (FREEDMAN, 1961 b), TRULSON and JACOBS (1977) have shown a 
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"serotonin hallucinogenic syndrome" and markedly lowered levels of 5-HT and 
slowed turnover after chronic amphetamine treatment in the cat. 

In summary, the paucity of replicated, time-linked studies of amine levels and 
compartmental events, as well as direct in vivo studies of release or inhibition of re
lease and of 5-HT synthesis and utilization studies is striking as one searches for the 
data on mescaline and methoxylated amphetamines. Further, study of the release and 
synthesis and compartmental effects of the indolealkylamine psychotomimetics, and 
of drugs such as 5-methoxy-N,N-dimethyltryptamine (utilized in electrophysiologic 
studies) is largely lacking. Thus, filling these gaps in information would advance our 
grasp of the field far more than a search of scattered smooth muscle receptors. The 
precise need is for eNS studies which would allow us to piece together a plausible gen
eral 5-HT "story" for the range of psychedelic compounds. 

E. LSD and Catecholamines 

The lines of evidence implicating noradrenergic and dopaminergic systems in the ac
tion of LSD derive from both behavioral and biochemical studies. Behavioral studies 
show that after lesions the characteristic DA agonist circling behavior is induced by 
LSD and psychotomimetic congeners (PIERI et aI., 1978a; TRULSON et aI., 1977 b), but 
not by BOL. Tolerance, however, is not observed with this system. Indeed what is 
clear is that characteristic DA-mediated stereotypes do not occur with LSD. 

After oc-methyltyrosine (AMPT) pretreatment, the excitatory effects of LSD in 
rabbit are diminished and restored with L-Dopa plus a peripheral decarboxylase in
hibitor; the LSD-induced pyrexia is not affected (HORITA and HAMILTON, 1969, 1973). 
In rats, locomotor excitement and hyperthermia are similarly dissociated (BAPNA et 
aI., 1973), but others have not found a striking action of AMPT modifying LSD ef
fects (ApPEL et aI., 1970b; SUGRUE, 1969). No effects are found in mice (BAPNA et aI., 
1973; MENON et aI., 1977). 

Turning to biochemistry most studies replicate the slight decrease in NE originally 
observed after LSD in rat (FREEDMAN, 1961 b; 1963; BARCHAS and FREEDMAN, 1963). 
In the early phase - the first 60 min - there is thus a fall in NE and brain tyrosine 
(SMIrn et aI., 1975; TONGE and LEONARD, 1971) and, at 60 min, an increase in DA 
levels. Generally, doses of 0.5 mgjkg or higher are required for these DA increases 
SMIrnet aI., 1975; PmRI et aI., 1978b). An unexplained fall ofDA levels in the early time 
period (30 min) was noted in 12 rats (DIAZ et aI., 1968), whereas SMIrn et ai. (1975), 
with 1.040 Ilgjkg, observed a dose-dependent elevation at 30 min. At later time inter
vals, elevations are not found, e.g., 3.5 h in rats (DAPRADA et aI., 1975) or mice 
(MENON et aI., 1977). 

If we focus on NE metabolism, data not only on levels, but also on turnover 
(STOLK et aI., 1974) clearly indicate increased release and utilization. BURKI et aI. 
(1978) recently demonstrated both a dose and time-dependent increase in brain stem 
MOPEG-S04 , an effect appearing at 60 min (with an ED12o% of 0.5 mgjkg [noted al
so by PIERI et aI., 1978b]) and continuing, after a 10 mgjkg dose (!), to peak at 2 h 
and to diminish by 8 h. In the vas deferens, the electrically stimulated release of label
led NE and concomitant reduction in smooth muscle response was inhibited by LSD, 
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apparently by interaction with presynaptic Il-adrenoreceptors (HuGHEs, 1973). Direct 
in vivo studies of release in brain show similar effects of DOM and amphetamine on 
in vivo release, and/or blocking of reuptake (VRBANAC et aI., 1975), but for LSD we 
must rely on the turnover studies and measures of substrate and metabolites. 

In general, those psychotomimetics that are milder or less potent psychedelic 
agents than LSD appear to have an even greater and more direct effect than LSD on 
the synthesis and utilization ofNE (STOLK et aI., 1974). The pattern of altered NE me
tabolites after psychotomimetics shows no common mechanism within or across the 
indole and phenylethylamine groups. Mescaline initially enhances intracellular catab
olism of NE, but in subsequent hours there is a significant increase in O-methylated 
metabolites; amphetamine similarly shows increases in O-methylated metabolites, as 
does psilocybin. Both have potent and long-enduring effects (up to 6 h [STOLK et aI., 
1974]). The sharp fall in NE levels and marked and enduring shift in metabolite pat
tern after psilocybin raises an unexplored question of an uptake blockade effect in NE 
terminals. HENDLEY and SNYDER (1971) note a potent normetanephrine reuptake 
blockade effect for DOM. Unfortunately, comparative data among all related drugs 
in scarce. 

More experimental attention has been focused on DA metabolism. Effects on 
levels have been noted. With radioactive tyrosine in synthesis studies, the results are 
not in accord; STOLK et aI. (1974) found no significant change in 3H-DA (after 
1.300 Ilg/kg at 1 h), and PERSSON (1970) reported enhanced formation of 3H-DA, but 
only in the caudate (after 2 mg/kg at 30 min). PERSSON (1978) has focused on studies 
of Dopa accumulation after decarboxylase inhibition as a measure of synthesis and 
reports increases in the cerebral cortex, striatum, and brain stem, but not in the olfac
tory bulb of rats. KEHR and SPECKENBACH (1978) note a forebrain accumulation. The 
increase in DA synthesis appears to be dose dependent (50 Ilg/kg-5 mg/kg) and to 
correlate in time with the effects of LSD on amine concentration (SMITH et aI., 1975). 
This measure of synthesis, however, does not afford a uniform theory of hallucinogen
esis, since BOL also increases Dopa accumulation. These effects are characteristic of 
DA antagonists. 

PERSSON and JOHANNSON (1978) attempted to discern if the increased synthesis was 
contingent on the dorsal or median raphe. Only a combined lesion blocked the LSD 
effect, but close inspection of the data reveals a trend for the dorsal raphe lesion to 
reduce the LSD response. 5-HT synthesis inhibitors did not affect it. The dorsal raphe 
nuclei (B7), as GEYER et aI. (1978) note, contain much more DA than the median, so 
that drug effects at DA receptors at B7 might have affected striatal Dopa accumula
tion. However, the persisting effect of BOL (with its strong DA antagonist effects) af
ter a lesion of B7 throws some doubt on these interaction hypotheses. The lack of ef
fect of synthesis inhibitors and the lesions do not identify 5-HT systems or the raphe 
as the "signal" for Dopa accumulation. 

Effects of LSD on DA utilization were estimated by the measurement of metab
olites or the rate of decline ofDA after pretreatment with Il-methyltyrosine. With the 
latter method, no effect of LSD was noted (PERSSON, 1978; ANDEN et aI., 1972) in 
whole brain when LSD was given 2-4 h before death, and MENON et aI. (1977) saw 
no effect on turnover at these time intervals in mice. PERSSON found no effect in 
striatum, and only a 7% effect in the tel-diencephalon was noted at 135 min after LSD 
- a time when most acute events have subsided (DAPRADA et aI., 1975). 
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Table 1. Biochemical effects of LSD on DA Systems' 

LSD 
/!g/kg 

Synthesis Decline HVA 
((Impt) 

Less than 90 min 
<200 i1 14 0,15 

200-500 i1 0,11 
>500 i1,20,13 0,11 is 

Equal to or greater than 90 min 
<200 

200-500 r 0,110,1 19 

>500 0,11 0,111 19 

• O,1=No change 6 BURKI et aI. (1978) 
1 PERSSON (1978) 7 PERSSON (1977) 
2 PERSSON (1970) 8 KEHR (1977) 

D. X. FREEDMAN and W. O. BOGGAN 

DOPAC DA Release 

3 MT Perfusion 

f 18 

f i6,7 i8 

16 

16,7 

i6 

3 STOLK et al. (1974) 9 DA PRADA et al. (1975) 
4 PIERI et al. (1978) 10 ANDEN et al. (1972) 
5 KELLER et al. (1978) 11 MENON et al. (1977) 

With measures of homovanillic acid (HV A) concentrations in rat brain, a dose
and time-dependence is apparent. Again, if one focuses on the effects within the first 
60 min there is but one report (PmRI, et aI., 1978 b) showing a decrease (20%) in HV A 
(in whole brain), whereas the same laboratory (KELLER et aI., 1978) shows slight, but 
not significant increases after 100 Ilg/kg and marked increases in HV A after 1,000 Ilg/ 
kg in cortex, limbic, and striatal regions. Yet the only direct release measure (from the 
perfused head of the caudate) indicates a depressed DA release for 3 h (DAPRADA et 
aI., 1975). 

DOPAC concentration was reduced in rat brain striatum at doses of LSD below 
I mg/kg and, at higher doses (10 mg/kg), increases were observed at I h, returning to 
normal by 4 h. In contrast, PERSSON (1977 a) finds rat striatal DOPAC values in
creased at all doses of LSD - from 50 J.lg/kg to 4 mg/kg, and this in the first and early 
phase of LSD effects (at 30 min). A low dose of LSD, 50 J.lg/kg, given 65 and 35 min 
before death, decreased 3-methoxytryptamine while a ten-fold increase in dosage in
creased it. These disparate measures of utilization in general do not strongly implicate 
an agonistic effect of LSD, "turning down" DA synthesis and utilization. A dose ef
fect and time course study of effects with all metabolites would appear, in any event, 
to be important if further systematic work is to be undertaken (Table 1). 

While DA antagonistic effects are implicated in the results with Dopa accumula
tion (and with the bulk of metabolite findings), examination of LSD effects in pertur
bed systems, i.e., in animals with either reserpine, cerebral hemisection, or inhibition 
of impulse flow, shows that LSD acts as an agonist in that it blocks or attenuates the 
enhanced Dopa accumulation caused by these pretreatments (PERSSON, 1977 a, b). In 
other words LSD acts to slow synthesis, much as the receptor agonist apomorphine. 
KEHR and SPECKENBACH (1978) adduced similar data in the forebrain following axo
tomy of the ascending monoaminergic tract. The only clear-cut "announcement" of 
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a measure that directly reflects DA agonism in a nonperturbed system are the highly 
potent effects of LSD on prolactin levels (MELTZER, et aI., 1977), which involve pitu
itary receptors. It is therefore of interest that the structural similarity of LSD to the 
DA agonist, apomorphine, has been argued (NICHOLS, 1976). 

Thus (perhaps with the varying data and clearly with the "perturbed systems"), 
it is evident that mixed agonist and antagonistic properties of LSD are characteristic 
and, as PERSSON (1977 a, b) notes, BOL generally is a pure antagonist. To account for 
these properties CHRISTOPH et aI., (1978) postulate a conformational shift in the DA 
receptor regulated by the availability of agonist or antagonist receptor sites: a prior 
occupation of antagonist sites would cause LSD to act as an agonist, while prior oc
cupation of agonist sites would cause the drug to look like an antagonist. KEHR and 
SPECKENBACH (1978) similarly suggest that the amount of occupancy of the receptor 
by DA determines which state will be manifest. In the nonperturbed system, DA is 
available at agonist sites, and therefore LSD would likely produce effects character
istic of antagonists. In the perturbed system, with diminished DA at receptors, LSD 
has ready access to these sites and appears as an agonist. Strikingly, however, the only 
data available in man show that 48 h after reserpine pretreatment a putative antago
nist effect of LSD may have induced the instances of oculogyric crises in three of ten 
chronically schizophrenic women (FREEDMAN, 1961 b). 

LSD appears to have actions both on cell bodies (electrophysiologic data) and 
nerve ending events (rotational models, effects on synthesis in perturbed systems -
during lack of impulse flow - or stimulation of DA-sensitive adenylate cyclase). Per
haps a varied neurochemical picture dependent on both time and dose is inevitable; 
the reactive and "sensitizing" effects to noxious input noted by AGHAJANIAN for LSD 
at the locus coeruleus may add further variability. Within short time intervals, primary 
biochemical actions of LSD would appear, and secondary effects might occur after 
longer time intervals. Similarly, low doses might produce more selective effects than 
higher doses. However these data are to be reconciled, it is clear that systematic, fine
grained time and dose studies are needed, and the data with catecholamines are far 
more complicated to interpret, lacking sufficient direct studies in in vivo and in vitro 
release, etc., than is the case with 5-HT. 

F. Lisuride and LSD 
AGHAJANIAN et al. (1975) proposed that psychedelic agents such as LSD produce their 
psychological effects via inhibition of raphe firing. The fact that lisuride, a nonhallu
cinogen ergoline structurally related to LSD, produces a more powerful suppression 
of raphe unit spontaneous firing than does LSD calls into question this hypothesis. 
It also suggests that a comparison of the commonalities and differences in the action 
of these two compounds may provide a lever for dissecting component mechanisms. 

Clinical reports of lisuride indicate a state of enhanced anxiety or fear. Interest
ingly, similar effects have been noted for piperoxane and yohimbine. LSD can also en
hance vigilance and "fear"; however, after LSD these states alternate and coincide 
with euphoria, a "pleasant-unpleasant" effect accompanied by emotional lability 
(FREEDMAN, 1968). It may therefore be fruitful to systematically compare these com-
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pounds. Furthermore, since an agonist such as clonidine can inhibit the piperoxane 
effect, it may be a useful tool for dissecting these similar and overlapping mechanisms. 

LSD and lisuride (which is more potent and long lasting) induce a haloperidol-an
tagonizable contralateral turning in chemically lesioned rats (PIERI et aI., 1978a) and 
antagonize reserpine-induced motor depression (HOROWSKI and WACHTEL, 1976) and 
hypothermia (KEHR, 1977). In the normal animal dose-dependent stereotypy (an ag
onist effect seen with apomorphine) occurs with lisuride but not with LSD (HOROW
SKI, 1978). 

In terms of monoaminergic effects, both lisuride and LSD increase 5-HT and DA 
in brain, and decrease concentrations ofNE and 5-HIAA (PIERI et aI., 1978 b; KELLER 
et aI., 1978; KEHR, 1977), as well as decrease the formation of 5-HTP KEHR and 
SPECKENBACH, 1978). Lisuride, but not LSD, antagonizes methiothepin-induced 
acceleration of 5-HT Turnover as measured by 5-HIAA (PIERI et aI., 1978b). Unlike 
LSD, lisuride does not affect brain levels of tryptophan and tyrosine. Its effects on 
release and subcellular compartmentation of amines have not been directly examined. 

In marked contrast to LSD, lisuride decreases Dopa accumulation in both whole 
brain and in DA-rich regions with doses of 0.1 and 0.3 mg/kg, but not at 1.0 mg/kg. 
However, in the NE-rich neocortex, 0.3 mg/kg and 1 mg/kg lisuride greatly increase 
dopa formation. An increase in utilization, as well as in NE synthesis after lisuride is 
suggested by an accelerated disappearance of NE after AMPT and by the elevations 
of MOPEG-S04 (PIERI, et aI., 1978b). 

DA disappearance after AMPT (KEHR, 1977) is retarded, unlike LSD (where little 
if any effect is seen). KELLER et ai. (1978) show that 60 min after 100 flg/kg, lisuride, 
but not LSD, markedly reduces HV A concentrations in the cortex, limbic forebrain, 
and striatum; LSD tends to elevate HV A at the 100 flg/kg dose and markedly so after 
1 mg/kg, whereas lisuride markedly decreases HV A at both low and high doses. In 
perturbed systems (after axotomy or reserpine) in which there is a decreased impulse 
flow leading to increased synthesis, both LSD and lisuride diminsh the increase (as 
do DA agonists), and the effects of both are antagonized by haloperidol. 

LSD stimulation of NE, DA, and 5-HT-sensitive adenylate cyclase (e.g., VON 
HUNGEN et aI., 1974; 1975; SPANO et aI., 1975) is known, but no stimulating effects 
have been reported for lisuride. Both lisuride (ICso = 1.2 x 10 -7 M) and LSD (lCso = 
1 x 10 - s M) inhibit DA-stimulated formation of cyclic AMP in rat striatal homogen
ates. Also, in limbic slices, the NE-stimulated cyclic AMP formation was inhibited by 
lisuride (ICso =8 x 10- 8 M) and LSD (ICso =3 x 10-6 M) (KELLER et aI., 1978). 

In brief, the drugs have both quantitative and qualitative differences and simi
larities. The longer-lasting, more potent lisuride appears to be a direct and powerful 
DA agonist and does not appear to act via DA, NE, or 5-HT-sensitive adenyl ate 
cyclase on which LSD has both agonist and antagonist properties. One might expect 
that lisuride would be the more potent psychotomimetic if DA and/or NE systems 
were of some importance in producing these drug effects. 

It is thus curious that LSD, which has long been noted to induce an excitatory and 
sympathomimetic syndrome, as well as a 5-HT syndrome (JACOBS and TRULSON 
1979), is far more complex and less potent in known dopamine-mediated behaviors 
than lisuride. Perhaps long-term changes in amine regulatory systems, receptors, or 
the unique interactive combination of physiologic and biochemical events set in mo
tion by LSD account for the differences in these two compounds. 
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G. Tolerance, Blockade, and Enhancement of LSD Effects 

Demonstration of tolerance is critically dependent upon appropriate measures and 
carefully controlled dosage and time intervals. For example, short-term tolerance oc
curs with LSD (130 Jlg/kg) given at hourly intervals (FREEDMAN and AGHAJANIAN, 
1959) as well as after daily doses, but dosage of about 520 Jlg/kg can abscure the ef
fects and restore the initial response. In rat, sympathomimetic effects, EEG alerting 
and hind limb ataxia showed tolerance; centrally mediated parasympathomimetic ef
fects (salivation and bradycardia, lasting 90 min or more) do not (FREEDMAN et aI., 
1958). It was frequently noted that tolerance to behavioral effects in rat simply is not 
evident where noxious reinforcement is entailed, such as escape behavior (ApPEL and 
FREEDMAN, 1968; HAMILTON, 1960). 

A decrement in the magnitude and duration not only of physiologic and behavior
al, but also biochemical response with several doses of LSD is evident both in 
measures of 5-HT metabolism in the first 60 min (a diminished magnitude of the 5-
HIAA decrement and a shift to the left of the 5-HT peak) and a diminution of both 
the 60 min tryptophan increase and plasma corticosterone increase (FREEDMAN and 
BOGGAN, 1974; HALARIS et aI., 1975). Similarly, the acute changes in catecholamine 
concentrations noted by SMITH et al. (1975) show tolerance. Of greater interest are 
long-term changes in the regulatory processes governing 5-HT and NE metabolism. 
These have been measured hours after the 60-min acute phase in long-term (14-30 
days) low-dosage regimens. Thus 24 h after the last of 14 days of low dosage LSD, 
NE turnover is increased (PETERS, 1974a). PETERS and TANG (1977) report that 14 days 
of LSD (100 Jlg/kg) produce a significant decrease in NE content of the cortex and 
an increase in tyrosine hydroxylase activity measured 24 h after the last treatment; 
complex interaction between placebo effects, body weight, and the LSD action with 
respect to NE is described. DIAZ and HUTTUNEN (1971) show an increase in 5-HT 
turnover 18 h after the last of 28 mUltiple doses (20 Jlg/kg). The question is, after one 
or several episodes of reduced turnover, when do compensatory changes begin and 
how they are mediated? 

It is clear that the effects of LSD in inhibiting the raphe are not modified by any 
pretreatment or drug interaction (with the exception of the direct iontophoresis of 
glutamate, which still leaves the effect of 5-HT untouched) BRAMWELL and GOYNE, 
1976). Since tolerance and antagonism at the raphe cannot be noted (TRULSON and 
JACOBS, 1979c), since the behavioral effects in cat long outlast raphe effects (TRULSON 
and JACOBS, 1979b), and since dosages necessary for behavioral effects (FREEDMAN 
and HALARIS, 1978) are (as noted below) far greater than maximal concentrations nec
essary for high affinity binding of LSD, we must conceive of processes beyond the ini
tiation of the LSD effect that are set into motion along with the initial changes. The 
noted cross tolerances have provoked a search for common receptor sites or mediating 
processes. Since tolerance is apparently not contingent on drug uptake and clearance 
(WINTERS, 1971), changes among the component aminergic systems, which have long 
been thought to modulate intensity if not component patterns of LSD effects (FREED
MAN and GIARMAN, 1963), may be sought. 

It is difficult to parcel out either the role of specifically involved systems or their 
link to specific components of the LSD effect. Some dissociation of effects (pretreat
ment with AMPT in rabbit) involves L-Dopa. Both raphe lesions and raphe stimula-
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tion induce enhancement to startle (e. g., DAVIS and SHEARD, 1974), and thus the role 
of serotonergic systems in enhancing "sensitization" remains to be clarified. At the 
cellular level, Kandel's group (KLEIN and KANDEL, 1978; BRUNELLI, et aI., 1976) show 
an effect in Aplysia in which sensitization and reactivity to input are enhanced; i. e., 
prolonged enhancement in the behavioral response to one stimulus results from an
other - typically a noxious or novel one. A prolonged increase in 5-HT release from 
presynaptic terminals of sensory neurons was implicated in this sensitization, which 
essentially facilitates transmission between sensory and motor neurons. Facilitating 
and sensitizing effects of LSD on motor neurons have already been discusses (AGHA
JANIAN, this volume); however, it remains to be demonstrated that these are operative 
in other sensory systems. 

LSD "dehabituates" perception; the usual becomes novel. Diminished "barriers" 
and enhanced arousal, i. e. sensitization, are important components requiring neuro
biologic analysis. Serotonin mechanisms affecting arousal have been suggested in 
mammals (BOWERS, 1975). These questions are fundamental to the flashbacks, afteref
fects, and persisting loss of perceptual constancies seen with LSD (FREEDMAN, 1968). 

Pretreatment regimens (PCP A, raphe lesion, reserpine) that markedly lower the 
thereshold dosage of LSD (and enhance its effects) may increase or decrease actual 
brain levels of the drug (FREEDMAN and HALARIS, unpublished data; FREEDMAN, et aI., 
1964); variations in drug plasma levels delivering drugs to critical receptors may pos
sibly be accountable. Pretreatment effects on turnover rates or receptor sensitivity 
may also be involved. In any event, sensitivity to LSD after 5-HT depletion is appar
ent as long as 12 days after brief treatment with PCPA (ApPEL et aI., 1970) and with 
no more than a 15% depletion of the amine after a single dose of reserpine (ApPEL 
and FREEDMAN, 1964). As reviewed below, no clear-cut receptor or binding finding un
equivocally accounts for these events or tolerance. 

Studies of MAO inhibitors and LSD in animals would be needed to elucidate the 
modulating effect of chronic MAO inhibition noted in man. With respect to antago
nism in rat, a dose of 30 J.lg/kg chlorpromazine (CPZ) can block 130 J.lg/kg LSD on 
operant tasks (RAY and MARRAZZI, 1961; ApPEL and FREEDMAN, 1964); higher doses 
ofCPZ produce effects of their own. MARRAZZI and HUANG (1979) argue from mem
brane parameters (spike generation, polarization, transmembrane conduction, and 
IPSPs) that 5-HT, LSD, and CPZ are qualitatively identical, but quantitatively differ
ent; thus the weakest competitive antagonist - CPZ - can substitute for one with a 
stronger action and thus block LSD, whereas larger doses of CPZ and LSD are cu
mulative. It would be important to note whether these dosage interactions would in 
fact prevent the total sequence of LSD effects. To date, only tolerance dosage regimes 
appear to be so effective and even then, sensitivity to noxious input, or to amphetami
ne (VAUPEL et aI., 1978) may be enhanced in the tolerant animal. The area obviously 
awaits focused study. 

H. Adenylate Cyclase 

The use of both receptor binding and adenylate cyclase (AC) as a functionally relevant 
receptor system has received increasing attention and as such various systems have 
been sought to model potential events in the brain. MANSOUR and colleagues (1960) 
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demonstrated that 10- 5 M LSD or 10- 7 M 5-HT activated the cyclase in liver fluke 
and this was followed by a demonstration (BEERNINK et aI., 1963) that there was a 
correlation of muscular contractions of the fluke with hallucinogenic potency. 
Utilization of this model for studies of receptor interactions and AC systems has 
continued (NORTHUP and MANSOUR, 1978). 

Perhaps the best model system, in terms of relevant concentrations and inter
actions, has been studied by NATHANSON and GREENGARD (1974) using the thoracic 
ganglia of the cockroach, in which the cyclase is specifically activated by 5-HT and 
selectively inhibited by extremely low concentrations of LSD and BOL. Inhibitory 
constant of LSD was 5 nM similar to the dissociation constant (Kd) of LSD in stereo
specific binding studies. The range of inhibitory interactions and potencies is in accord 
with estimated concentrations of LSD in human brain and with the noted 5-HT-LSD 
interactions in peripheral smooth muscle (COTTRELL, 1970) or molluscan ganglia 
(GERSCHENFELD, 1971). 

The most direct and current searches are for 5-HT-sensitive enzymes in cell-free 
preparations in mammalian nervous system and for NE- or DA-activated enzymes af
fected by very low concentrations of LSD. Micromolar concentrations have, however, 
generally been required. BOL and LSD, in cell free preparations from rat brain re
gions, blocked maximal stimulation of AC by NE or DA (VON HUNGEN et aI., 1974; 
1975). A stereospecific effect of LSD at 10 J.1M in blocking DA activation was seen 
in the striatum, and LSD stimulation of the cyclase was observed and blocked not on
ly by BOL, but also by DA blockers. Against a uniform view of psychotomimetic 
mechanisms, such studies (DAPRADA et aI, 1975) show no effect of mescaline, DMT, 
psilocin, or bufotenin. Nevertheless, LSD is differentiated from its antagonists and 
nonpsychoactive congeners, and there is antagonism between BOL and LSD. LSD, 
in contrast to BOL, is an agonist as well as antagonist at the striatal receptors 
(BOCKAERT et aI, 1976). This group, using a punch technique in striatum to correlate 
the spatial localization of enzymes and transmitters, finds topographic correspon
dence of DA high affinity uptake, endogenous levels, and the DA-activated cychl\L' 
(10- 4 M) in which LSD competitively inhibits (and activates). 

There have been recent demonstrations of a postsynaptic 5-HT-sensitive cyclase 
(ENJALBERT et aI, 1978) in the colliculus of neonate rats, stimulated by LSD, in which 
the 5-HT stimulation is blocked by the drug at higher concentrations (BOURGOIN et 
aI., 1977). AHN and MAKMAN (1979), studying AC of anterior limbic cortex and audi
tory cortex from monkeys, describe an enzyme stimulated by LSD (EC50 = 0.43 J.1M) 
and mescaline (EC50 = 4.5 J.1M). The frontal cortex, caudata, and retina were not stim
ulated, but LSD could block DA stimulation in all regions. This is the first demonstra
tion that LSD and mescaline may have a common CNS receptor action and the first 
demonstration of mescaline stimulation. The study suggests the importance of both 
species differences and regional specificities. 

The data with respect to the effects of LSD on other adenylate cyclase systems are 
minimal. LSD inhibits (1.6 x 10- 7 M) isoproterenol-activated cyclase in cerebral 
cortex homogenates, but does not stimulate. Nor inhibit DOLPHIN et al. (1978) the 
enzyme by itself. BURKI et al. (1978) have indicated that LSD inhibits binding at 
IX-adrenoreceptors (lC50 = 0.2 J.1M) with much less effect at p-adrenoreceptors 
(IC5o = 2.0 J.1M). Both LSD and BOL are competitive antagonists at the H2 receptor 
linked to AC in the hippocampus and cortes (GREEN et aI., 1978a, b). 
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While adenyl ate cyclase linked receptors do not describe all the relevant receptor 
sites for LSD (GREEN et aI., 1978a, b) and the action of the range of psycho to mime tics 
in cell free preparations is not as satisfying, there is a growing framework in which 
AC receptor characteristics, tritiated binding characteristics, and functional effects 
can be quantitatively compared. The issue still is to relate the effects of LSD at these 
sites to possible indications of sites and mechanisms related to cross tolerance, block
ing, and enhancement of the effects of LSD in man. 

1. Stereospecific Binding 

The search for 35 years has been for acceptor substances with which both LSD and 
5-HT interact. There are studies of LSD binding to an indole-containing moiety of 
myelin and of proteolipid or protein components derived from nerve endings (CARNE
GIE, 1972; FISZER and DEROBERTIS, 1969; MEHL and WEBER, 1974), as well as the sol
uble 5-HT binding protein which, however, does not show LSD binding (TAMIR et 
aI., 1976). Since stereospecific 3H-LSD high affinity binding was established (BENNETT 
and AGHAJANIAN, 1974; BENNETT and SNYDER, 1975; LOVELL and FREEDMAN, 1976; 
BENNETT and SNYDER, 1976), a large number of studies reporting in vitro LSD or 3H_ 
5-HT binding to brain tissues have appeared. LSD binding at DA sites (BURT et aI., 
1976a, b) (as well as NE) has been established. The fact that 3H-5-HT had a lOO-times
greater affinity or 3H-5-HT than for 3H-LSD sites, however, threw doubt on the iden
tity of the two acceptor sites and the lack of correlation of binding, and displacement 
characteristics with psychotomimetic potency or antagonism of 5-HT, DA, or LSD 
at 3H-LSD sites was noted (FREEDMAN and HALARIS, 1978). 

The in vitro, as well as in vivo, LSD binding assays operate at concentrations too 
low to be accountable for most of the observed functional effects with the possible ex
ception of effects on the raphe. For example, the raphe are inhibited by 10-20 Jlgjkg 
LSD, whereas biochemical and behavioral effects require doses generally from 40-
100 Jlgjkg (ROSECRANS et aI., 1967), about the same value can be calculated from a 
recent in vivo study (KRAUCHI et aI., 1978) after 300 Jlgjkg LSD. Yet, in an in vivo 
study (KRAUCHI et aI., 1978), the displaceable binding sites were saturated after doses 
as low as 10 Jlgjkg LSD. The in vivo binding occurs at brain concentrations compa
rable to those of in vitro binding. Receptors are fully saturated at 17 pmoljgm of tis
sue, which corresponds to the 15 nM in the in vitro assay, assuming homogeneous dis
tribution of LSD. This is the concentration which saturates the LSD displaceable 
binding sites in the in vitro assay. 

Physiologic signifi~ance - a correlation between functional and binding potencies 
- is desirable in validating binding assays (KOSTERLITZ and WATERFIELD, 1975; SEE
MAN et aI., 1975). Using the data of BENNETT and SNYDER (1975) and mescaline units 
as a measure of potency in man (BRAWLEY and DUFFIELD, 1972), P. Muller has at
tempted such correlations for us. However, the correlation of IjlCso is much less than 
convincing (Table 2). Particularly required are binding data with highly potent LSD 
congeners such as acetyl lysergic acid diethylamide (CERLETTI and DOEPFNER, 1958). 
A poor correlation, in part, is due to the high potency of some of the antagonists in 
the binding assay. A difference is drug kinetics (such as those implicated in discrepan
cies in correlating analgesic effect and binding potency) could also contribute. 
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Table 2. Displacement of hallucinogens and derivatives from LSD in vitro binding sites. Com
parison with hallucinogenic potency' 

Drug BENNEIT and SNYDER'S BRAWLEY 
and DUFFIELD'S 

3H-LSD-ICso 1/ICso Mescaline units 
nm Mescaline = 1 

Br-LDS 7 1.4 x 10- 1 0 
d-LSD 8 1.3 x 10- 1 3,700 
d-Lysergic acid monoethylamide 20 5.0x 10- 2 370 
methysergide 100 10-2 0 
psilocin 1,000 10-3 31 
5-methoxy-dimethyltryptamine 1,000 10-3 31 
dimethyltryptamine 2,000 5.0x 10-4 4 
2,5-dimethoxy-4-methylamphetamine 8,000 1.3 x 10- 6 80 
2,5-dimethoxyamphetamine 8,000 1.3 x 10-4 8 
6-trimethoxyamphetamine 30,000 3.5x1O- s 10 
2-trimethoxyamphetamine 60,000 1.7x1O-s 17 
4-trimethoxyamphetamine 90,000 1.1 x 1O- s 4 

• ICso is a concentration of hallucinogen displacing half the displaceable LSD binding. Hallu
cinogenic potency of various drugs in man is expressed as multiples of mescaline units. Mescaline 
unit was defined by SHULGIN et aL (1961) and SHULGIN (1963) as a ratio of effective mescaline 
dose/dose effective dose of the compared drug 

An alternative approach in validating radio ligand receptor assays is to investigate 
changes in binding after in vivo treatments which produce known physiologic or func
tional receptor changes. This strategy has been applied in postmortem investigations 
of Huntington's chorea (ENNA, et aI., 1976; Cmu et aI., 1974; MULLER and SEEMAN, 
1977, SEEMAN et a1. 1978; OWEN et aI., 1978, WASTEK et aI., 1976). Recently, BENNETT 
et a1. (1979) noted a fall in 3H-LSD binding in the frontal cortex of schizophrenics, 
but no changes in 5-HT or other neurotransmitter binding; it is uncertain as to 
whether pretreatment with phenothiazines may not have induced a spectrum of target 
tissue changes. This has been noted (THESLEFF, 1974), as have changes in more than 
one receptor system (BANERJEE et aI., 1977; MULLER and SEEMAN, 1977). Most ob
servers report no changes in LSD binding following injection of 5, 7-dihydroxytrypta
mine or after raphe lesions. However, 5-HT depletion following daily treatment with 
reserpine or PCA for 1 or 2 weeks of treatment reportedly produced a rise in LSD 
binding in certain brain areas (BENNETT and SNYDER, 1976). What is required, however 
(since these treatments may have changed target tissues), is to account for the fourfold 
lowered threshold dosages of LSD days after a single dose of reserpine or PCP A (as 
previously noted herein). With prolonged treatment, in any event, structural brain 
changes might make it difficult to standardize results in terms of wet weight of the tis
sue, or the tissues' protein content. TRULSON and JACOBS (1979a) reported a small re
duction in the number of LSD siles in the brain following tolerance dosages. The 
potential LSD residue in the brains following treatment was not reported, and it is 
unclear how many separate membrane preparations were needed to establish the 
Scatchard analysis; a sufficient number of independent determinations on different 
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brain samples is required. Nevertheless, these are interesting possibilities if sufficient 
specificity and correlations continue to be established. 

LoVELL and FREEDMAN (1976) noted that an identity of 5-HT and LSD binding 
sites, or even an exclusivity of postsynaptic binding sites, could not be supported. Nev
ertheless, a close relationship in all binding studies between 5-HT and LSD sites is 
clear (FILLION et aI., 1978). It is clear that LSD interacts directly with several neuro
transmitters, if not a site of its own. Thus, while dopamine is a weak displacer of 3H_ 
LSD, LSD strongly displaces 3H-DA. Neuroleptics, especially methiothepin, can dis
place 3H-LSD. The data show that LSD can bind with high affinity and with high 
steric preference to haloperidol, as well as apomorphine binding sites, to a- and f3-ad
renergic sites, as well H2 sites. WHITAKER and SEEMAN (1978), utilizing the principle 
employed by TITLER et ai. (1977), have attempted to produce conditions in which the 
LSD-5-HT interaction could be studied more selectively. They used phentolamine to 
prevent binding to a-adrenergic sites, and spiperone and apomorphine to block 
dopaminergic sites, and they succeeded in reducing the LSD displaceable binding from 
1100 fmol/mg protein to 300 fmol/mg protein in the refined assay. The results are 
clearly dissimilar from the previous LSD binding assays, since both LSD and serotonin 
were more potent (lC50 for 5-HT was 35 nM, compared to 200-2000 in previous 
studies). Furthermore, chlorpromazine and (+) butaclamol retained high potency in 
this refined system. Recently, WHITAKER and SEEMAN (1979) added phentolamine, 5-
HT, and spiperone to the LSD binding assay to study apomorphine-binding sites. This 
"finetuning" of binding assays for preselected binding properties may make possible 
different estimates of specificity and potency of the drug with amines. 

Regional differences appear to be important as binding studies proceed. LSD, 3H_ 
spiperone, and 5-HT all bind well in both striatum and cortex in both in vivo and in 
vitro assays (LADURON et aI., 1978; BENNETT and SNYDER, 1975; KRAucm et aI., 1978). 
The three ligands do not bind to identical receptors. PEROUTKA and SNYDER (1979) 
now describe two 5-HT receptors (using spiperone) rather than a single one. Thus, a 
5-HT 1 receptor is sensitive to tryptamine analogues of 5-HT as well as to LSD, but 
relatively insensitive to the presence of neuroleptics. In the frontal cortex, the 5-HT 1 

receptor is sensitive to LSD and its analogues, as well as to serotonin antagonists (cy
proheptidine, mianserine, and cinanserine) and less sensitive to tryptamine analogues 
of 5-HT. Thus, when spiperone blocks the binding of LSD to 5-HT 2 sites in the cortex, 
the subsequent binding profile will be closer to that of the 5-HT 1 site. Conversely, 
blocking 5-HT 1 receptors with serotonin converts the LSD binding closer to 5-HT 2 
profile (PEROUTKA and SNYDER, 1979). Whether these refinements will bring into high 
focus the critical receptor interactions awaits further studies, but quantitative preci
sion appears increasingly possible. 

J. Conclusion 

It is preposterous but clear that LSD is required to trigger and sustain the sequence 
of LSD effects (FREEDMAN and HALARIS, 1978). Since the drug concentrations in brain 
peak early, many of the unfolding effects over time could probably be related to the 
drug as it is retained and clears from the various affected membranes. Obviously, 
many elements are involved in the LSD experience, including the drug itself and the 
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pharmacodynamics associated with it, its interaction with various neurotransmitter 
systems, and the interactions of these systems themselves. Therefore, it seems unlikely 
that a simple inhibition-disinhibition theory of psychedelic effects can be sustained 
(FREEDMAN and HALARIS, 1978), but if so should be most relevant at the lowest brain 
concentrations (when postsynaptic effects are less apt to seen [AGHAJANIAN et aI., 
1975]), Le., at the farthest time point in the LSD experience. 

It is not as yet clear what precise biochemical or physiologic changes are necessary 
to enhance or diminish the LSD effect. However, enhanced sensitivity and reactivity 
to the environment (Eurns et aI., 1954; BRADLEY and Eurns, 1957) and various differ
ent phenomena of sensitization and dehabituation should yield to neurobiologic 
study. While the psychobiology of the complex of events affecting attentional control 
and interpretation of reality may prove formidable to pharmacologic analysis, PUR
PURA long ago adduced dimensions requiring further research, i. e., low dose LSD en
hancing sensory systems and SIMULTANEOUSLY inhibiting the responsiveness of various 
cortical systems (PURPURA, 1956a, b). The vulnerability of the LSD-treated human 
and animal to overreact to noxious stimuli and where possible, to disregard reality de
mands in favor of attending to "private experience," may well be clarified with atten
tion to sensitization, facilitative, and "reactivity" effects at the neural level. With 
neurophysiologic studies coupled with behavioral and well-established biochemical 
and pharmacological definitions, and with attention to longer-term compensatory re
sponses of monoaminergic systems, it appears possible to delineate the basis for some 
of the components of this multifaceted state. The systematic use of an array of drugs 
and analyses even at the molecular and membrane level, are necessary and possible, 
and with the use of active and inactive isomers at the appropriate points, we should 
expect a better grasp of the role of monoaminergic systems, as well as, hopefully, the 
specificities which underlie the common effects of the array of psychedelic drugs. 

Acknowledgment. This work was supported in part by the Louis Block Board Professors 
Fund and by USPHS grant 5ROI MH13186 to Dr. Daniel X. Freedman and by USPHS grants 
5ROI AA01865, lROI AA03532 and IROI DA0229 to Dr. William O. Boggan. Dr. Pavel Mul
ler is acknowledged for his help in reviewing ligands and calculating data for tabular presenta
tion (USPHS MH-25116). The support of Ms. Marty Lancaster in the final preparation of the 
manuscript is greatly appreciated. 

References 
Abramson, H.A., Sklarofsky, B., Baron, M.O., Fremont-Smith, N.: Lysergic acid diethylamide 

(LSD-25) antagonists. II. Development of tolerance in man to LSD-25 by prior administra
tion ofMLD-41 (l-methyl-d-lysergic acid diethylamide). Arch. Neurol. Psychiat. 79,201-
207 (1958) 

Aghajanian, G.K., Bing, O.H.L.: Persistence oflysergic acid diethylamide in the plasma ofhu
man subjects. Clin. Pharmacol. Ther. 5, 611-614 (1964) 

Aghajanian, G.K., Haigler, H.J., Bennett, J.L.: Amine receptors in eNS III. 5-hydroxytrypta
mine in brain. In: Handbook of Psychopharmacology, 6, ED. Iverson, L.L., Iversen, S.D., 
Snyder, S.H. (eds.), pp. 63-96 New York: Plenum Press 1975 

Aghajanian, G.K., Wang, R.Y.: Physiology and pharmacology of central serotonergic neurons. 
In: Psychopharmacology: A generation of progress. Lipton, M.A., Dimascio, A., Killam, 
K.F. (eds.), pp. 171-183, New York: Raven Press 1978 

Ahn, H.S., Makman, M.H.: Interaction of LSD and other hallucinogens with dopamine-sen
sitive adenylate cyclase in primate brain: regional differences. Brain Res. 162, 77-78 (1979) 



78 D.X. FREEDMAN and W.O. BOGGAN 

Anden, N.E., Corrodi, H., Fuxe, K., Hokfelt, T.: Evidence for a centraI5-hydroxy-tryptamine 
receptor stimulation by lysergic acid diethylamide. Brit. 1. Pharmacol. 34, 1-7 (1968) 

Anden, N .E., Corrodi, H., Fuxe, K.: Hallucinogenic drugs of the indolealkyamine type and cen
tral monoamine neurons. J. Pharmacol. Exp. Ther. 179, 236-249 (1971) 

Anden, N.E., Corrodi, H., Fuxe, K.: Effect of neuroleptic drugs on central catecholamine turn
over assessed using tyrosine and dopamine -fi-hydroxylase inhibitors. 1. Pharm. Pharmacol. 
24, 177-182 (1972) 

Anden, N.E., Corrodi, H., Fuxe, K., Meek, J.L.: Hallucinogenic phenylethylamines: inter
actions with serotonin turnover and receptors. Eur. J. Pharmacol. 25, 176-184 (1974) 

Anderson, G.M., III, Braun, U., Nichols, D.E., Shulgin, A.: Absolute configuration and 
psychotomimetic activity. In: Quantitative structure activity relationships of analgesics, 
narcotic antagonists, and hallucinogens. Barnett,G., Trsic, M., Willette, R.E., (eds.), 
Washington, D.C.: U.S. Government Printing Office, NIDA Research Monograph 22 
(1978) (Stock No. 017-024-00786-2; (pp. 8-15) 

Appel, J.B., Freedman, D.X.: Chemically-induced alterations in the behavioral effects of LSD-
25. Biochem. Pharmacol. 13, 861-869 (1964) 

Appel, J.B., Freedman, D.x.: The relative potencies of psycho mimetic drugs. Life Sci. 4, 2181-
2186 (1965) 

Appel, J.B.: The effects of "psychotomimetic" drugs on animal behavior. In: Psychopharma
cology: A Review of Progress, 1957-1967. Efron D.H. (ed.) Washington, D.e.: U. S. Gov
ernment Printing Office 1968 

Appel, J.B., Freedman, D.X.: Tolerance and cross-tolerance among psychotomimetic drugs. 
Psychopharmacology 13, 267-274 (1968) 

Appel, J.B., Sheard, M.H., Freedman, D.x.: Alterations in the behavioral effects of LSD by 
mid-brain raphe lesions. Commun. Behav. BioI. (Part A) 5, 237-241 (1970a) 

Appel, J.B., Lovell, R.A., Freedman, D.x.: Alterations in the behavioral effects of LSD by pre
treatment with p-chloro-phenylalanine and alpha-methyl-p-tyrosine. Pschopharmacology 
18, 387-406 (1970b) 

Apter, J.T.: Anaeptic action of lysergic acid diethylamide [LSD-25] against pentobarbital. 
Arch. Gen. Psychiatry 79, 711-715 (1958) 

Axelrod, J., Brady, R.O., Witkop, B., Evarts, E.V.: The distribution and metabolism oflysergic 
acid diethylamide. Ann. N.Y. Acad. Sci. 66, 435-444 (1957) 

Balestrieri, A., Fontanari, D.: Acquired and crossed tolerance to mescaline, LSD-25, and BOL-
148. Arch. Gen. Psychiatry 1, 279 (1959) 

Baldessarini, R.J., Stramentinoli, G., Lipinski, J.F.: Methylation hypothesis. Arch. Gen. Psy
chiatry 36, 303-307 (1979) 

Banerjee, S.P., Sharma, V.K., Kung, L.S.: B-adrenergic receptors in innervated and denervated 
skeletal muscle. Biochim. Biophysica Acta 470, 123-127 (1977) 

Bapna, J.S., Dandiya, P.e., Kulkarni, S.L.: Dissociation of excitatory and hyperpyrexic effects 
of LSD in rats treated with IX-methyl-tyrosine. Jpn. J. Pharmacol. 23, 735-737 (1973) 

Barchas, J.D., Freedman, D.X.: Brain amines: response to physiological stress. Biochem. Phar
macol. 12, 1225 (1963) 

Barnett, G., Trsic, M., Willette, R.E., EDS. QuaSAR: Quantitative Structure Activity Rela
tionships of Analgesics, Narcotic Antagonists, and Hallucinogens. Washington, D.C., U. S. 
Government Printing Office, NIDA Research Monograph 22 1978 (Stock No. 017-024-
00786-2) 

Beernink, K.D., Nelson, S.D., Mansour, T.E.: Effect of lysergic acid derivatives on the liver 
fluke, Fasciola hepatica. Int. J. Neuropharmacol. 2, 105-112 (1963) 

Bennett, J.L., Aghajanian, G.K.: LSD binding to brain homogenates: possible relationship to 
serotonin receptors. Life Sci. 15, 1935-1944 (1974) 

Bennett, J.P., Snyder, S.H.: Stereospecific binding of d-Iysergic acid diethylamide (LSD) to 
brain membranes: relationship to serotonin receptors. Brain Res. 94, 523-544 (1975) 

Bennett, J.P., Jr., Snyder, S.H.: Serotonin and lysergic acid diethylamide binding in rat brain 
membranes: relationship to postsynaptic serotonin receptors. Molec. Pharmacol. 12, 373-
389 (1976) 

Bennett, J.P., Jr., Salvatore, J.B., Bylund, C.B., Gillin, J.e., Wyatt, R.F., Snyder, S.H.: Neu
rotransmitter receptors in frontal cortex of schizophrenies. Arch. Gen. Psychiatry 36, 
927-924 (1979) 



Biochemical Pharmacology of Psychotomimetics 79 

Berridge, MJ., Prince, W.T.: The nature of the binding between LSD and a 5-HT receptor: a 
possible explanation for hallucinogenic activity. Brit. J. Pharmacol. 51, 269-278 (1974) 

Bertino, lR., Klee, G.D., Weintraub, M.D.: Cholinesterase, d-Iysergic acid diethylamide, and 
2-bromolysergic acid diethylamide. J Clin. Exp. Psychopathol. 20, 218-227 (1959) 

Bock, E., Braestrup, C.: Regional distribution of the synaptic membrane proteins: synaptin, 
01, D2 and D3. J. Neurochem. 30, 1603-1607 (1978) 

Bockaert, J., Premont, J., Glowinski, 1., Thierry, A.M., Tassin, J.P.: Topographical distribu
tion of dopaminergic innervation and of dopaminergic receptors in the rat striatum. II. 
Distribution and characteristics of dopamine adeny1ate cyclase. Interaction of LSD with 
dopaminergic receptors. Brain Res. 107, 303-315 (1976) 

Boggan, W.O., Freedman, D.x., Appel, J.B.: p-chlorophenylalanine-induced alterations in the 
behavioral effects of 5-hydroxytryptophan. Psychopharmacology 33, 293-298 (1973) 

Bourgoin, S., Faivre-Bauman, A., Benda, P., Glowinski, J., Hamon, M.: Plasma tryptophan 
and 5-HT metabolism in the CNS of the newborn rat. J. Neurochem. 23, 319-327 (1974) 

Bourgoin, S., Artaud, F., Enjalbert, A., Hery, F., G10winski, J., Hamon, M.: Acute changes 
in central serotonin metabolism induced by the blockade or stimulation of serotonergic re
ceptors during ontogenesis in the rat. J. Pharmacol. Exp. Ther. 202, 519-531 (1977) 

Bowers, M.B., Freedman,D.X.: "Psychedelic" experiences in acute psychoses. Arch. Gen. Psy
chiatry 15, 240-248 (1966) 

Bowers, M.B., Jr.: Serotonin (5-HT) systems in psychotic states. Psychopharmac. Commun. 
1,655--662 (1975) 

Bradley, P.B., Elkes, J.: The effects of some drugs on the electrical activity of the brain. Brain 
80, 77-117 (1957) 

Bramwell, GJ., Goyne, T.: Responses of midbrain neurones to microion tophoreticallyapplied 
5-hydroxytryptamine: comparison with the response to intravenously administered lysergic 
acid diethylamide. Neuropharmacology 15, 457-461 (1976) 

Brawley, P., Duffield, J.C.: The pharmacology of hallucinogens. Pharmacol. Rev. 24, 31-66 
(1972) 

Brimblecombe, R.W.: Psychotomimetic drugs: biochemistry and pharmacology. In: Advances 
in drug research. Simmonds, A.B., (ed.), pp.165--206, Vol. VII, London: Academic Press 
1973 

Brimblecombe, R.W, Pinder, R.M.: Hallucinogenic agents. Bristol: Wright-Scientechnica 1975 
Brown, W.A., Krieger, D.T., van Woert, M.H., Ambani, L.M.: Dissociation of growth hor

mone and cortisol release following apomorphine. J. Clin. Endocrin. 38, 1127-1129 (1974) 
Brunelli, M., Castellucci, V., Kandel, E.R.: Synaptic facilitation and behavioral sensitization 

in aplysia: possible role of serotonin and cyclic AMP. Science 194, 1178-1180 (1976) 
Burki, H.R., Asper, H., Ruch, W., Zuger, P.B.: Bromocriptine, dihydroergotoxine, methyser

gide, LSD, CF 25-397, and 29-712: effects on the metabolism of the biogenic amines in the 
brain of the rat. Psychopharmacology 57, 227-337 (1978) 

Burt, D.R., Creese, I., Snyder, S.H.: Antischizophrenic drugs: chronic treatment elevates dopa
mine receptor binding in brain. Science 196, 326-328 (1976a) 

Burt, D.R., Creese, I., Snyder, S.H.: Binding interactions oflysergic acid diethylamide and re
lated agents with dopamine receptors in the brain. Molec. Pharmacol. 12,631-638 (1976b) 

Burt, D.R., Creese, I. Snyder, S.H.: Properties ofeH) haloperidol and eH) dopamine binding 
associated with dopamine receptors in calf brain membranes. Molec. Pharmacol. 12, 800-
812 (1976c) 

Cameron, O.G., Appel, J.B.: A behavioral and pharmacological analysis of some discrim
able properties of LSD in rats. Psychopharmacology 33, 117-134 (1973) 

Carnegie, P.R.: Interaction of 5-hydroxytryptamine with the encephalitogenic protein of 
myelin. In: The Neurosciences: Third Study Program. Schmitt, F.O., Worden, F.G. (eds.), 
pp. 925--928, Cambridge: MIT Press 1972 

Cerletti, A., Doepfner, W.: Comparative study on the serotonin antagonism of amide deriva
tives oflysergic acid and of ergot alkaloids. J. Pharmacol. Exp. Ther. 188, 124-136 (1958) 

Charalampous, K.D., Walker, K.E., Kinross-Wright, J.: Metabolic fate of mescaline in man. 
Psychopharmacology 9, 48-63 (1966) 

Chase, T.N., Breese, G.R., Kopin, 1.1.: Serotonin release from brain slices by electrical stimu
lation: regional differences and effect of LSD. Science 157, 1461-1463 (1967) 



80 D. X. FREEDMAN and W. O. BOGGAN 

Chiu, T.H., Lapa, AJ., Barnard, E.A., Albuquerque, E.x.: Binding of d-Tubocurarine and a
Bungarotoxin in normal and denervated mouse muscles. Exp. Neurol. 43, 399-413 (1974) 

Christian, S. T., Harrison, R., Pagel, J.: Evidence for dimethyltryptamine (DMT) as a naturally
occurring transmitter in mammalian brain. Ala. J. Med. Sci. /3, 162-165 (1976) 

Christian, S.T., Harrison, R., Quayle, E., Pagel, J., Monti, 1.: The in vitro identification of di
methyltryptamine (DMT) in mammalian brain and its characterization as a possible endog
enous neuroregulatory agent. Biochem. Med. 18, 164-183 (1977) 

Christoph, G.R., Kuhn, D.M., Jacobs, B.L.: Dopamine Agonist pretreatment alters LSD's 
electrophysiological action from dopamine agonist to antagonist. Life Sci. 23, 2099-2110 
(1978) 

Clark, L.D., Bliss, E.L.: Psychopharmacological studies oflysergic acid diethylamide (LSD-25) 
intoxication. Effects of premedication with BOL-148 (2-bromo-d-Iysergic acid deithyla
mide), mescaline, atropine, amobarbital, and chlorpromazine. Arch. Neurol. Psychiat. 78, 
653-655 (1957) 

Collins, BJ., Lovell, R.A., Boggan, W.O., Freedman, D.X.: Effects of hallucinogens on rat 
brain monoamine oxidase activity. Pharmacologist 12, 256 (1970) 

Consroe, P., Jones, B., Martin, P.: Lysergic acid diethylamide antagonism by chlorpromazine, 
haloperidol, diazepam, and pentobarbital in the rabbit. Toxicol. Appl. Pharmacol. 42, 45-
54 (1977) 

Costa, E.: Effects of hallucinogenic and tranquilizing drugs on serotonin evoked uterine con
tractions. Proc. Soc. Exp. BioI. 91, 39-41 (1956) 

Cottrell, G.A.: Direct postsynaptic responses to stimulation of serotonin-containing neurones. 
Nature 225, 1060-1062 (1970) 

DaPrada, M., Saner, A., Burkard, W.P., Bartholini, G., Pletscher, A.: Lysergic acid diethyl
amide: Evidence for stimulation of cerebral dopamine receptors. Brain Res. 94, 67-73 
(1975) 

Davis, M., Sheard, M.H.: Habituation and sensitization of the rat startle response: effects of 
raphe lesions. Physiol. Behavior 12, 425-431 (1974) 

de Montigny, c., Aghajanian, G.K.: Preferential action of 5-methoxytryptamine and 5-
methoxydimethyltryptamine on presynaptic serotonin receptors: a comparative ionto
phoretic study with LSD and serotonin. Neuropharmacology 16, 811-818 (1977) 

Diab, I.M., Roth, L.J., Freedman, D.X.: [3Hllysergic acid diethylamide: cellular audoradio
graphic localization in rat brain. Science 173, 1022-1024 (1971) 

Diag, J.L., Huttunen, M.O.: Persistent increase in brain serotonin turnover after chronic ad
ministration of LSD in the rat. Science 174, 62-64 (1971) 

Diaz, P.M., Ngai, S.H., Costa, E.: Factors modulating brain serotonin turnover. In: Advances 
in Pharmacology vol. 6B, pp. 75-92, New York, Academic Press 1968 

DiPaolta, T., Hall, L.H., Kier, L.B.: Structure-activity studies on hallucinogenic amphetamines 
using model interaction calculations. J. Theor. BioI. 71, 295-309 (1978) 

Dolphin, A., Enjalbert, A., Tassin, J., Lucas, M., Bockaert, J.: Direct interaction of LSD with 
central "beta"-adrenergic receptors. Life Sci. 22, 345-352 (1978) 

Domino, E.F.: The indole hallucinogen model: Is it worth pursuing? In: Predictability in psy
chopharmacology. Preclinical and clinical correlations. Sudilovsky, A., Gershon, S., 
Beer, B. (eds.), pp. 247-268, New York: Raven Press 1975 

Dyer, D.C., Gant, D.W.: Vasoconstriction produced by hallucinogens on isolated human and 
sheep umbilical vasculature. J. Pharmacol. Exp. Ther. 184, 366-375 (1973) 

Elkes, J., Elkes, c., Bradley, P.B.: The effect of some drugs on the electrical activity of the brain 
and on behavior. J. Ment. Sci. 100, 125-141 (1954) 

Enjalbert, A., Bourgoin, S., Hamon, M., Adrien, 1., Bockaert, 1.: Postsynaptic serotonin-sen
sitive adenylate cyclase in the central nervous system: 1. Development and distribution of 
serotonin and dopamine-sensitive adenylate cyclases in rat and guinea pig brain. Molec. 
Pharmacol. 14,2-10 (1978) 

Enna, SJ., Bird, E.D., Bennett, J.P., Bylund, D.B., Yamamura, H.I., Iversen, L.1., Snyder, S.H.: 
Huntington's chorea: changes in neurotransmitter receptors in the brain. New Engl. J. Med. 
294, 1305-1309 (1976) 

Fillion, G., Fillion, M.-P., Spirakis, C., Bahers, J.-M., Jacob, J.: 5-Hydroxytryptamine binding 
to synaptic membranes from rat brain. Life Sci. 18, 65-74 (1976) 



Biochemical Pharmacology of Psychotomimetics 81 

Fillion, G.M.B., Rousselle, J.D., Fillion, M.P., Beaudoin, D.M., Goiny, M.R., Deniau, J.M., 
Jacob, J.J.: High affinity binding of [3H]5-hydroxytryptamine to brain synaptosomal mem
branes: comparison with [3H] lysergic acid diethylaminde binding. Molec. Pharmacol. 14, 
50-59 (1978) 

Fiszer, S., De Robertis, E.: Subcellular distribution and chemical nature of the receptor for 5-
hydroxytryptamine in the central nervous system. J. Neurochem. 16, 1201-1209 (1969) 

Freedman, D.x., Aghajanian, G.K., Ornitz, E.M., Rosner, B.S.: Patterns of tolerance to lyser
gic acid diethylamide and mescaline in rats. Science 127, 1173-1174 (1958) 

Freedman, D.x., Aghajanian, G.L.: Time parameters in acute tolerance, cross tolerance, and 
antagonism to psychotogens. Fed. Proc. 18,390 (1959) 

Freedman, D.x.: Effects of LSD on brain serotonin. J. Pharmacol. Exp. Ther. 134, 160-166 
(1961a) 

Freedman, D.x.: Studies of LSD-25 and serotonin in the brain. Proc. 3rd World Congress of 
Psychiat. 1,653 (1961b) 

Freedman, D.x., Giarman, N.J.: LSD-25 and the status and level of brain serotonin. Ann. N.Y. 
Acad. Sci. 96, 98-106 (1962) 

Freedman, D.X.: Psychotomimetic drugs and brain biogenic amines. Am. J. Psychiatr. 119, 
843-850 (1963) 

Freedman, D.x., Giarman, N.J.: Brain amines, electrical activity, and behavior. In: EEG and 
Behavior, (ed.) Glaser, G.H., pp. 198-243. New York: Basic Books 1963 

Freedman, D.x., Effect ofreserpine on plasma binding and brain uptake ofLSD-25. Fed. Proc. 
23, 147 (1964) 

Freedman, D.X., Coquet, c.A.: Regional and subcellular distribution of LSD and effects on 
5-HT levels. Pharmacologist 7, 183 (1965) 

Freedman, DX: On the use and abuse of LSD. Arch. Gen. Psychiatr. 18, 330-347 (1968) 
Freedman, DX, Gottlieb, R., Lovell, R.A.: Psychotomimetic drugs and brain 5-hydroxytryp

tamine metabolism. Biochem. Pharmacol. 19, 1181-1188 (1970) 
Freedman, D.x., Halaris, A.E.: The role of serotonin in the action of psychotomimetic drugs. 

(Abstract). Presented at 3rd Ann. Meeting Society for Neurosci. (1973) 
Freedman, D.x., Boggan, W.O.: In: Serotonin - New Vistas: Histochemical and Pharmacology 

(Advances in Biochemical Psychopharmacology), Costa, E., Gessa, G.L., Sandler, M. 
(eds.), Vol. 10, pp. 151-157, New York: Raven Press 1974 

Freedman, D.X., Halaris, A.E.: Monoamines and the biochemical mode of action of LSD at 
synapses. In: Psychopharmacology: A generation of progress, Lipton, M.S., Dimascio, A., 
Killam, K.F. (eds.), pp. 347-359, New York: Raven Press 1978 

Freedman, DX: The mode of action of hallucinogenic drugs. In: Handbook of Biological Psy
chiatry. van Praag, Rafaelsen, Lader, Sacher (eds.), Vol. 2., New York: Marcel Dekker Inc. 
(in Press) 

Fuxe, K., Fredholm, B.B., Ogren, S.O., Agnati, L.F., Hokfelt, T., Gustafsson, I.A.: Ergot 
drugs and central monoaminergic mechanisms: a histochemical, biochemical and behavior
al analysis. Fed. Proc. 37, 2128-2191 (1978a) 

Fuxe, K., Orgen, S.O., Aganti, L.F., Jonsson, G., Gustaffson, J.A.: 5,7-dihydroxytryptamine 
as a tool to study the functional role of central 5-hydroxytryptamine neurons. Ann. N.Y. 
Acad. Sci. 305, 346-369 (1978b) 

Gaddum, I.H.: Antagonism between lysergic acid diethylamide and 5-hydroxytryptamine. I. 
Physiol. 121, 15 (1953) 

Gaddum, I.H.: Serotonin-LSD interactions. Ann. N.Y. Acad. Sci. 66, 643-648 (1957) 
Gerschenfeld, H.M.: Serotonin: Two different inhibitory actions on snail neurons. Science 171, 

1252-1254 (1971) 
Geyer, M.A., Dawsey, W.J., Mandell, A.I.: Fading: a new cytofluorimetric measure quantify

ing serotonin in the presence of catecholamines at the cellular level in brain. I. Pharmacol. 
Exp. Ther. 207, 650-667 (1978) 

Giarman, N.J., Freedman, D.x.: Biochemical aspects of the actions of psychotomimetic drugs. 
Pharmacol. Rev. 17, 1-25 (1965) 

Gillin, J.C., Kaplan, J., Stillman, R., Wyatt, R.J.: The psychedelic model of schizophrenia: the 
case of N,N-dimethyltryptamine. Am. J. Psychiat. 133, 203-208 (1976) 

Goodwin, I.S., Katz, R.I., Kopin, 1.1.: Effect of bromide on evoked release of monoamines 
from brain slices and intact atria. Nature 221, 556-557 (1969) 



82 D.X. FREEDMAN and W.O. BOGGAN 

Green, J.P., Johnson, C.L., Weinstein, H., Kang, S., Chou, D.: Molecular determinants for in
teraction with the LSD receptor: biological studies and quantum chemical analysis. In: The 
psychopharmacology of hallucinogens. Willette, R.E., Stillman, R.C. (eds.), pp. 28-60, 
New York: Pergamon Press (1978a) 

Green, J.P., Weinstein, H., Maayant, S.: Defining the histamine H 2-receptor in brain: the in
teraction with LSD. In: Quantitative structure activity relationships of analgesics, narcotic 
antagonists, and hallucinogens. Barnett, G., Trsic, M., Willette, R.E. (eds.), pp. 38-59, 
Washington, D.e.: U. S. Government Printing Office, NIDA Research Monograph 22 
1978b (Stock No. 017-024-00786-2) 

Greenberg, D.A., U'Prichard, D.e., Snyder, S.H.: Alpha-noradrenergic receptor binding in 
mammalian brain: differential labeling of agonist and antagonist states. Life Sci. 19, 69-76 
(1976) 

Greiner, T., Burch, N.R., Edelbert, R.: Psychopathology and psychophysiology of minimal 
LSD-25 dosage. Arch. Neurol. Psychiat. 79, 208-210 (1958) 

Guilbaud, G., Besson, J.M., Oliveras, J.L., Liebeskind, J.e.: Suppression by LSD of the inhibi
tory effect exerted by dorsal raphe stimulation on certain spinal cord interneurons in the 
cat. Brain Res. 61, 417-422 (1973) 

Halaris, A.E., Lovell, R.A., Freedman, D.x.: Subcellular studies on the effect of LSD in rat 
brain serotonin. Soc. Neurosci, 2nd Annu. Meet. p. 114 (Abstr.) (1972) 

Halaris, A.E., Lovell, R.A., Freedman, D.X.: Effect of chlorimipramine on the metabolism of 
5-hydroxytryptamine in the rat brain. Biochem. Pharmacol. 22, 2200-2202 (1973) 

Halaris, A.E., Freedman, D.X., Fang, V.s.: Plasma corticoids and brain tryptophan after acute 
and tolerance dosage of LSD. Life Sci. 17, 1467-1472 (1975) 

Halaris, A.E., Freedman, D.X.: Vesicular andjuxtavesicular serotonin: effects oflysergic acid 
diethylamide and reserpine. J. Pharmacol. Exp. Ther. 203, 575-586 (1977) 

Hamilton, e.L.: Effects of LSD-25 and amphetamine on a running response in the rat. Arch. 
Gen. Psychiatry 2, 104-109 (1960) 

Hamon, M., Bourgoin, S., Jagger, J., Glowinski, J.: Effects of LSD on synthesis and release 
of 5-HT in rat brain slices. Brain Res. 69, 265-280 (1974) 

Hamon, M., Bourgoin, S., Enjalbert, A., Bockaert, J., Hery, F., Ternaux, J.P., Glowinski, J.: 
The effect of quipazine on 5-HT metabolism in the rat brain. Arch. Pharmacol. 294, 99-108 
(1976) 

Hashimoto, H., Hayashi, M. Nakahara, Y., Niwaguchi, T., Ishii, H.: Hyperthermic effects of 
d-lysergic acid diethylamide (LSD) and its derivatives in rabbits and rats. Arch. Int. Phar
macodyn. 228, 314-321 (1977) 

Hendley, E., Snyder, S.H.: Correlation between f,sychotropic potency of psychotomimetic 
methoxyamphetamines and their inhibition of H-normetanephrine uptake in rat cerebral 
cortex. Nature 229, 264-266 (1971) 

Hery, F., Simonnet, G., Bourgoin, S., Soubrie, P., Artaud, F., Hamon, M., Glowinski, J.: Effect 
of nerve activity on the in vivo release of [3H] serotonin continuously formed from L
[3H]tryptophan in the caudate nucleus of the cat. Brain Res. 169, 317-334 (1979) 

Hofmann, A.: Psychotomimetic agents. In: Drugs affecting the central nervous system, Medical 
research series. Burger, A. (ed.), Vol.II, Chapter 5, pp. 169-236, New York: Marcel Dekker 
1968 

Hollister, L.E.: Some human pharmacological studies of three psychotropic drugs: thiothixine, 
molidone and w-1867. J. Clin. Pharmacol. 8, 95-101 (1968) 

Hollister, L.E., Macnicol, M.F., Gillespie, H.K.: An hallucinogenic amphetamine analog 
(DOM) in man. Psychopharmacology 14, 62-73 (1969) 

Horita, A.: Some biochemical studies on psilocybin and psilocin. J. Neuropsychiat. 4, 270-273 
(1963) 

Horita, A., Hamilton, A.E.: Lysergic acid diethylamide: dissociation of its behavioral and hy
perthermic actions of DL-IX-methyl-p-tyrosine. Science 164, 78-79 (1969) 

Horita, A., Hamilton, A.E.: The effects ofDL-IX-methyltyrosine and L-dopa on the hyperther
mic and behavioral actions of LSD in rabbits. Neuropharmacology 12, 471-476 (1973) 

Horowski, R., Wachtel, H.: Direct dopaminergic actions oflisuride hydrogen maleate, an ergot 
derivative in mice. Eur. J. Pharmacol. 36, 373-383 (1976) 



Biochemical Pharmacology of Psychotomimetics 83 

Horowski, R.: Differences in the dopaminergic effects of the ergot derivatives bromocriptine, 
lisuride and LSD as compared with apomorphine. Eur. J. Pharmacol. 51, 157-166 (1978) 

Hughes, J.: Inhibition of noradrenaline release by lysergic acid diethylamide. Brit. J. Pharma
col. 49, 706-708 (1973) 

Isbell, H., Logan, C.R.: Studies on the diethylamide of lysergic acid (LSD-25). II. Effects of 
chlorpromazine, azacyc1onol, and reserpine on the intensity of the LSD-reaction. Arch. 
Neurol. Psychiat. 77, 350-358 (1957) 

Isbell, H., Logan, C.R., Miner, E.J.: Relationships of psychotomimetic to anti-serotonin poten
cies of congeners of lysergic acid diethylamide (LSD-25). Psychopharmacology 1, 20-28 
(1959a) 

Isbell, H., Miner, E.J., Logan, C.R.: Cross tolerance between d-2-Bromlysergic acid diethylam
ide (BOL-148) and d-diethylamide oflysergic acid (LSD-25). Psychopharmacology 1,109-
116 (1959b) 

Isbell, H., Wolbach, A.B., Wikler, A., Miner, E.J.: Cross tolerance between LSD and psilocy
bin. Psychopharmacology 2, 147-159 (1964) 

Jacobs, B.1., Trulson, M.E., Stern, W.C.: Behavioral effects of LSD in the cat: Proposal of an 
animal behavioral model for studying the actions of hallucinogenic drugs. Brain Res. 132, 
301-314 (1977) 

Jacobs, B.1., Trulson, M.E.: Mechanisms of action of LSD. Am. Sc. 67, 396-404 (1979) 
Jonsson, G., Pollare, T., Hallman, H., Sachs, C.H.: Developmental plasticity of central 

serotonin neurons after 5,7-dihydroxytryptamine treatment. Ann. N.Y. Acad. Sci. 305, 
328-345 (1978) 

Kang, S., Green, J.P.: Steric and electronic relationships among some hallucionogenic com
pounds. Proc. Natl. Acad. Sci. USA 67, 62-67 (1970) 

Katz, R.I., Kopin, I.J.: Effect of LSD and related compounds on release of norepinephrine-3H 
and serotonin-3H evoked from brain slices by electrical stimulation. Pharmacol. Res. Com
mun. 1, 54-62 (1969) 

Kehr, W.: Effect of lisuride and other ergot derivatives on monoaminergic mechanisms in rat 
brain. Eur. J. Pharmacol. 41, 261-273 (1977) 

Kehr, W., Speckenbach, W.: Effect oflisuride and LSD on monoamine synthesis after axotomy 
or reserpine treatment in rat brain. Naunyn-Schmiedeberg Arch. Pharmacol. 301,163-169 
(1978) 

Keller, H.H., Burkhard, W.P., Lieri, 1., Bonetti, E.P., DaPrada, M. Lisuride and LSD-induced 
changes of monoamine turnover in the rat brain. Adv. Biochem. Psychopharmacol. 19, 
393-396 (1978) 

Kier, 1.B., Glennon, R.A.: Progress with several models for the study of the SAR ofhallucino
genic agents. In: Quantitative structure activity relationships of analgesics, narcotic antag
onists, and hallucinogens. Barnett, G., Trsic, M., Willette R.E. (eds.), pp.149-185, 
Washington, D.C.: U. S. Government Printing Office, NIDA Research Monograph 22 
1978 (Stock No. 017-024-00786-2) 

Klein, M., Kandel, E.R.: Presynaptic modulation of voltage-dependent Ca2+ current: mecha
nism for behavioral sensitization of aplysia californica. Proc. Natl. Acad. Sci. U.S.A. 75, 
3512-3516 (1978) 

Koslow, S.H.: The biochemical and biobehavioral profile of 5-methoxytryptamine. In: Trace 
aminesand the brain. Usdin, E., Sandler, M. (eds.), pp. 103-130, New York: Marcel Dekker 
1976 

Kosterlitz, H.W., Waterfield, A.A.: In vitro models in the study of structure-activity relation
ships of narcotic analgesics. Ann. Rev. Pharmacol. 15,29-47 (1975) 

Kovacic, B., Domino, E.F.: Tolerance and limited cross-tolerance to the effects of N, N-di
methyltryptamine (DMT) and lysergic acid diethylamide-25 (LSD) on food-rewarded bar 
pressing in the rat. J. Pharmacol. Exp. Ther. 197, 495-502 (1976) 

Kriiuchi, K., Feer, H., Lichtsteiner, M., Wirz-Justice, A.: Specific in vivo binding of LSD in 
rat brain. Experientia 34, 761-762 (1978) 

Laduron, P.M., Janssen, P.F.M., Leysen, J.E.: Spiperone: ligand of choice for neuroleptic re
ceptors. Biochem. Pharmacol. 27, 317-321 (1978) 



84 D. X. FREEDMAN and W. O. BOGGAN 

Lin, R.C., Ngai, S.H., Costa, E.: Lysergic acid diethylamide: Role in conversion of plasma tryp
tophan to brain serotonin (5-hydroxy-tryptamine). Science 166, 237-239 (1969) 

Lovell, R.A., Freedman, D.x.: Stereospecific receptor sites for d-lysergic acid diethylamide in 
rat brain: effects of neurotransmitters, amine antagonists and other psychotropic drugs. 
Molec. Pharmacol. 12, 620-630 (1976) 

Mandell, AJ., Geyer, M.A.: Hallucinations: chemical and physiological. In: Biological foun
dations of psychiatry. Grenell, R.G., Gabay, S. (eds.), pp. 729-753, New York: Raven Press 
1976 

Mansour, T.E., Sutherland, E.W., Rall, T.W., Bueding, E.: The effect of serotonin (5-hydroxy
tryptamine) on the formation of adenosine 3', 5' -Phosphate by tissue particles from the liver 
fluke, Fasciola hepatica. J. BioI. Chem. 235, 466-470 (1960) 

Marchbanks, R.M.: Serotonin binding to nerve ending particles and other preparations from 
rat brain. J. Neurochem. 13, 1481-1493 (1966) 

Marchbanks, R.M.: Inhibitory effects oflysergic acid derivatives and reserpine on 5-HT bind
ing to nerve ending particles. Biochem. Pharmacol. 16, 1971-1979 (1967) 

Marrazzi, A.S., Huang, c.c.: Qualitative identity of cerebral neuronal membrane actions of 
5-HT, LSD, and CPZ. BioI. Psychiatry 14, 637-644 (1979) 

Martin, W.R., Sloan, J.W.: Pharmacology and classification of LSD-like hallucinogens. In: 
Drug addiction. Martin, W.R. (ed.), pp. 305-368, Berlin-Heidelberg-New York: Springer 
Verlag 1977 

Martin, W.R.: The nature of opioid and LSD receptors: structural activity relationship impli
cations. In: Quantitative structure activity relationships of analgesics, narcotic antagonists, 
and hallucinogens. Barnett, G., Trsic, M., Willette, R.E., (eds.), pp. 60-69, Washington, 
D.C.: U. S. Government Printing Office, NIDA Research Monograph 22 1978 (Stock No. 
017-024-00786-2) 

McLean, J.R., McCartney, M.: Effect of d-amphetamine on rat brain noradrenaline and 
serotonin. Proc. Soc. Exp. BioI. Med. 107, 77-79 (1961) 

Mehl, E., Weber, L.: Affinity chromatography for subfractionation of 5-hydroxytryptamine, 
LSD-binding proteins from cerebral and nerve ending membranes. Adv. Biochem. Psycho
pharmacoi. 11, 105-108 (1974) 

Mehl, E., Ruther, E., Redemann, J.: Endogenous ligands of a putative LSD-serotonin receptor 
in the cerebrospinal fluid: Higher level of LSD-displacing factors (LDF) in unmedicated 
psychotic patients. Psychopharmacology 54,9-16 (1977) 

Mehl, E., Guiard, L.: Physiological ligands of putative LSD-serotonin receptors: Heterogeneity 
of LSD-displacing factors in human body fluids and nervous tissue. Hoppe-Seyler's Z. 
Physiol. Chem. 359, 539-542 (1978) 

Meltzer, H.Y., Fessler, R.G., Simonovic, M., Doherty, J., Fang, V.S.: Lysergic acid diethylam
ide: evidence for stimulation of pituitary dopamine receptors. Psychopharmacology 54, 39-
44 (1977) 

Menon, M.K., Clark, W.G., Masuoka, D.T.: Possible involvement of the central dopaminergic 
system in the antireserpine effect of LSD. Psychopharmacology 52,291-297 (1977) 

Muller, P., Seeman, P.: Brain neurotransmitter receptors after long-term haloperidol: dopa
mine, acetylcholine, serotonin, cx-noradrenergic and naloxone receptors. Life Sci. 21, 1751-
1758 (1977) 

Murphree, H.B., DeMaar, E.WJ., Williams, H.L., Bryan, L.L.: Effects of lysergic acid deriv
atives on man: antogonism between d-Iysergic acid diethylamide and its 2-brom congener. 
J. Pharmacoi. Exp. Ther. 122, 55A (1958) 

Nathanson, J.A., Greengard, P.: Serotonin-sensitive adenylate cyclase in neural tissue and its 
similarity to the serotonin receptor: a possible site of action of lysergic acid diethylamide. 
Proc. Natl. Acad. Sci. U.S.A. 71, 797-801 (1974) 

Nichols, D.E.: Structural correlation between apmorphine and LSD: involvement of dopamine 
as well as serotonin in the actions of hallucinogens. J. Theor. BioI. 59, 167-177 (1976) 

Nichols, D.E., Pfister, W.R., Yim, G.K.W.: LSD and phenethylamine hallucinogens: new 
structural analogy and implications for receptor geometry. Life Sci. 22, 2165-2170 (1978) 

Niwaguchi, T., Inoue, T., Sakai, T.: Studies on the in vitro metabolism of compounds related 
to lysergic acid diethylamide (LSD). Biochem. Pharmacoi. 23, 3063-3066 (1974) 



Biochemical Pharmacology of Psychotomimetics 85 

Northup, J.K., Mansour, T.E.: Adenylate cyclase from Fasciola Hepatica: 2. Role of guanine 
nucleotides in coupling adenylate cyclase and serotonin receptors. Molec. Pharmacol. 14, 
820-833 (1978) 

Owen, F., Crow, T.1., Poulter, M., Cross, A.1., Longden, A., Riley, G.1.: Increased dopamine
receptor sensitivity in schizophrenia. Lancet 1978II, 223-225 

Palmer, G.C., Burks, T.F.: Central and peripheral adrenergic blocking actions of LSD and 
B01. Eur. J. Pharmacol. 16, 113-116 (1971) 

Paul, S.M., Ha1aris, A.E., Freedman, D.x., Hsu, 1.1.: Rat brain aryl acylamidase: stereospe
cific inhibition by LSD and serotonin related compounds. J. Neurochem. 27, 625-627 
(1976) 

Peroutka, S.1., Snyder, S.H.: Multiple serotonin receptors: differential binding of [3H]5-hy
droxytryptamine, [3H]lysergic acid diethylamide and [3H]spiroperidol. Molec. Pharmacol. 
16, 687-699 (1979) 

Persson, S.-A.: Effects oflysergic acid diethylamide (LSD) and 2-bromo1ysergic acid diethylam
ide (BOL) on central catecho1aminergic pathways - A biochemical study. UMEA Univer
sity Medical Dissertations No 32, University of Umea, Sweden (1977a) 

Persson, S.-A.: The effect of LSD and 2-bromo LSD on the striatal dopa accumulation after 
decarboxylase inhibition in rats. Eur. J. Pharmacol. 43, 73-83 (1977b) 

Persson, S.A., Johansson, H.: The effect oflysergic acid diethylamide (LSD) and 2-bromolyser
gic acid diethylamide (BOL) on the striatal dopa accumulation: influence of central 5-hy
droxytryptaminergic pathways. Brain Res. 142, 505-513 (1978) 

Persson, S.-A.: Effects of LSD and BOL on the catecholamine synthesis and turnover in various 
brain regions. PsychopharmacolofY 59, 113-116 (1978) 

Persson, T.: Drug induced changes in H-catecholamine accumulation after 3H-tyrosine. Acta 
Pharmacol. Toxicol. 28, 378-390 (1970) 

Peters, D.A.V.: Comparison of the chronic and acute effects of d-Iysergic acid diethylamide 
(LSD) treatment on rat brain serotonin and norepinephrin. Biochem. Pharmacol. 23, 231-
237 (l974a) 

Peters, D.A.V.: Chronic lysergic acid diethylamide administration and serotonin turnover in 
various regions of rat brain. J. Neurochem. 23, 625-627 (1974b) 

Peters, D.A.V., Tang, S.: Persistent effects of repeated injections of D-Iysergic acid diethylam
ide on rat brain 5-hydroxytryptamine and 5-hydroxyindoleacetic acid levels. Biochem. 
Pharmacol. 26, 1085-1086 (1977) 

Pieri, 1., Pieri, M., Hafeley, W.: LSD as an agonist of dopamine receptors in the striatum. Na
ture 252, 586--588 (1974) 

Pieri, M., Schaffner, R., Pieri, 1., DaPrada, M., Hafeley, W.: Turning in MFG-lesioned rats 
and antagonism of neuroleptic-induced catalepsy after lisuride and LSD. Life Sci. 22,1615-
1622 (1978a) 

Pieri, 1., Keller, H.H., Burkard, W., DaPrada, M.: Effects of lisuride and LSD on cerebral 
monoamine systems and hallucinosis. Nature 272, 278-280 (1978b) 

Prozialeck,W.C., Vogel, W.H.: MAO inhibition and the effects of centrally administered LSD, 
serotonin, and 5-methoxy-tryptamine on the conditioned avoidance response in rats. Psy
chopharmacology 60, 309-310 (1979) 

Purpura, D.: Electrophysiological analysis of psychotogenic drug action. I. Effect of LSD on 
specific systems in the cat. Arch. Neurol. Psychiat. 75, 122-131 (1956a) 

Purpura, D.: Electrophysiological analysis of psychotogenic drug action. II. General nature of 
lysergic acid diethylamide (LSD) action on central synapses. Arch. Neurol. Psychiat. 75, 
132-143 (1956b) 

Ray, 0.8., Marrazzi, A.S.: A quantifiable behavioral correlate of psychotogen and tranquilizer 
actions. Science 133, 1705-1706 (1961) 

Resnick, 0., Krus,D.M., Ruskin, M.: LSD-25 action in normal subjects treated with a mono
amine oxidase inhibitor. Life Sci. 3, 1207-1214 (1964) 

Rosecrans, J.A., Lovell, R.A., Freedman, D.x.: Effects oflysergic acid diethylamide on the me
tabolism of brain 5-hydroxytryptamine. Biochem. Pharmacol. 16, 2011-2021 (1967) 

Rosenberg, D.E., Isbell, H., Miner, E.1.: Comparison of a placebo, N-dimethyltryptamine, and 
6-hydroxy-N-dimethyltryptamine in man. Psychopharmacology 4, 39-42 (1963) 



86 D. X. FREEDMAN and W. O. BOGGAN 

Rosenberg, D.E., Isbell, H., Miner, E.J., Logan, e.R.: The effect ofN,N-dimethyltryptarnine 
in human subjects tolerant to lysergic acid diethylamide. Psychopharmacology 5, 217-227 
(1964) 

Sai-Halasz, A.: The effect of MAO inhibition of the experimental psychosis induced by di
methyltryptamine. Psychopharmacology 4,385-388 (1963) 

Schanberg, S.M., Giarman, N.J.: Drug-induced alterations in the subcellular distribution of 5-
hydroxytryptamine in rat's brain. Biochem. Pharmacol. 11, 187-194 (1962) 

Schneckloth, R., Page, I.H., DelGreco, F., Corcoran, A.e.: Effects of serotonin antagonists in 
normal subjects and patients with carcinoid tumors. Circulation 16, 523-532 (1957) 

Schubert, J., Nyback, H., Sedvall, G.: Accumulation and disappearance of 3H-5-hydroxytryp
tarnine formed from 3H-tryptophan in mouse brain; effect of LSD-25. Eur. J. Pharmacol. 
10, 215-224 (1970) 

Seeman, P., Chau-Wang, M. Tedesio, J., and Wang, K.: Brain receptors for antipsychotic drugs 
and dysamine: Direct binding assays. Proc. Natl. Acad. Sci. U.S.A. 72,4376-4380 (1975) 

Seeman, P., Tedesco, J.1., Lee, T.; Chau-Wong, M., Muller, P., Bowles, J., Whitaker, P.M., 
McManus, e., Tittler, M., Weinreich, P., Friend, W.e., Brown, G.M.: Dopamine receptors 
in the central nervous system. Fed. Proc. 37, 130--136 (1978) 

Shields, P.J., Eccleston, D.: Evidence for the synthesis and storage of 5-hydroxytryptamine in 
two separate pools in the brain. J. Neurochem. 20, 881-888 (1973) 

Shulgin, A. T.: Psychotomimetic drugs: structure-activity relationships. In: Handbook of psy
chopharmacology. Iversen, 1.1., Iversen, S.D., Snyder, S.H. (eds.), pp. 243-333, Vol. II, 
New York: Plenum 1978 

Shulgin, A.T., Sargent, T., Naranjo, e.: Structure-activity relationships of one-ring psy
chotomimetics. Nature 221, 537-541 (1969) 

Shulgin, A.T., Sargent, T., Naranjo, C.: 4-Bromo-2,5-diemethoxyphenyl-isopropylamine, a 
new centrally active amphetamine analog. Pharmacology 5, 103-107 (1971) 

Smith, R.e., Boggan, W.O., Freedman, D.X.: Effects of single and mUltiple dose LSD on en
dogenous levels of brain tyrosine and catecholamines. Psychopharmacology 42, 271-276 
(1975) 

Smythe, G.A.: The role of serotonin and dopamine in hypothalamic-pituitary function. Clin. 
Endocr. 7, 325-341 (1977) 

Smythies, J.R., Johnson, V.S., Bradley, R.J.: Alteration by pretreatment with iproniazid and 
an inactive mescaline analogue for a behaviour change induced by mescaline. Nature 216, 
196--197 (1967) 

Snyder, S.H., Merril, e.R.: A relationship between the hallucinogenic activity of drugs and 
their electronic configuration. Proc. Natl. Acad. Sci. U.S.A. 54, 258-266 (1965) 

Snyder, S.H., Reivich, M.: Regional localization oflysergic acid diethylamide in monkey brain. 
Nature 209, 1093-1095 (1966) 

Snyder, S.H., Richelson, E.: Psychedelic drugs: steric factors that predict psychotropic activity. 
Proc. Natl. Acad. Sci. U.S.A. 60, 206--213 (1968) 

Snyder, S.H., Weingartner, H., Faillace, l.A.: DOET (2,5-Dimethoxy-4-Ethylamphetamine), a 
new psychotropic drug: effects of varying doses in man. Arch. Gen. Psychiatry 24, 50--55 
(1971) 

Snyder, S.H.: Neurochemical actions of psychotropic drugs. Psychopharmacol. Bull. 11, 62 
(1975a) 

Snyder, S.H.: The opiate receptor. Neurosci. Res. Progr. Bull. 13, Suppl., 1-27 (1975b) 
Soskin, R.A., Grof, S., Richards, W.A.: Low doses of dipropyltryptamine in psychothera

py. Arch. Gen. Psychiatry 28,817-821 (1973) 
Spano, P.F., Kumakura, K., Tonon, G.C., Govoni, S., Trabucchi, M.: LSD and dopamine-sen

sitive adenylate-cydase in various rat brain areas. Brain Res. 93, 164-167 (1975) 
Stolk, J.M., Barchas, J.D., Goldstein, M., Boggan, W.O., Freedman, D.X.: A comparison of 

psychotomimetic drug effects of rat brain norepinephrine metabolism. J. Pharmacol. Exp. 
Ther. 189, 42-50 (1974) 

Sugrue, M.F.: A study of the role of noradrenaline in behavioral changes produced in the rat 
by psychotomimetic drugs. Br. J. Pharmacol. 35, 243-252 (1969) 

Szara, S.: Dimethyltryptamine: its metabolism in man; the relation of its psychotic effects to 
the serotonin metabolism. Experientia 12, 441-442 (1956) 



Biochemical Pharmacology of Psychotomimetics 87 

Szara, S., Hearst, E., Putney, F.: Metabolism and behavioral action of psychotropic tryptamine 
homologues. Int. J. Neuropharmacol. 1, 111-117 (1962) 

Tamir, H., Klein, A., Rapport, M.M.: Serotonin binding protein: enhancement of binding by 
Fe2+ and inhibition of binding by drugs. J. Neurochem. 26, 871-878 (1976) 

Thesleff, F.: Physiological effects of denervation of muscle. New York Acad. Sci. 228, 89-104 
(1974) 

Tilson, H.A., Sparber, S.B.: Studies on the concurrent behavioral and neurochemical effects of 
psychoactive drugs using the push-pull cannula. J. Pharmacol. Exp. Ther. 181, 387-398 
(1972) 

Tittler, M., Weinreich, P., Seeman, P.: New detection of brain dopamine receptors with eH]di
hydroergocryptine (neuroleptics/ergots/ neurotransmitters/norepinephrine/schizophrenia). 
Proc. Natl. Acad. Sci. U.S.A. 74, 3750-3753 (1977) 

Tonge, S.R., Leonard, B.E.: The effects of some hallucinogenic drugs upon the metabolism of 
5-hydroxytryptamine in the brain. Life Sci. 8, 805-814 (1969) 

Tonge, S.R., Leonard, B.E.: Hallucinogens and non-hallucinogens: a comparison of the effects 
on 5-hydroxytryptamine and noradrenaline. Life Sci. 10, 161-168 (1971) 

Trulson, M.E., Eubanks, E.E., Jacobs, B.L.: Behavioral evidence for supersensitivity following 
destruction of central serotonergic nerve terminals by 5,7-dihydroxytryptamine. J. Phar
mac. Exp. Ther. 198, 23-32 (1976) 

Trulson, M.E., Jacobs, B.L.: Usefulness of an animal behavioral model in studying the duration 
of action of LSD and the onset and duration of tolerance to LSD in the cat. Brain Res. 132, 
315-326 (1977) 

Trulson, M.E., Ross, e.A., Jacobs, B.L.: Lack of tolerance of the depression of raphe unit ac
tivity by lysergic acid diethylamide. Neuropharmacology 16, 771-774 (1977a) 

Trulson, M.E., Stark, A., Jacobs, L.: Comparative·effects of hallucinogenic drugs on rotational 
behavior in rats with unilateral6-hydroxydopamine lesions. Eur. J. Pharmaol. 44,113-119 
(1977b) 

Trulson, M.E., Jacobs, B.L.: Alterations of serotonin and LSD receptor binding following re
peated administration of LSD. Life Sci. 24, 2053-2062 (1979a) 

Trulson, M.E., Jacobs, B.L.: Dissociations between the effects of LSD on behavior and raphe 
unit activity in freely moving cats. Science 205, 515-518 (1979b) 

Uzonov, P. Weiss, B.: Psychopharmacological agents in the cyclic AMP system of rat brain. 
In: Advances in Cyclic Nucleotide Research, Vol. I. Greengard, P., Paoletti, R., Robeson, 
G.A. (eds.), pp. 435-453. New York: Raven Press 1972 

Van Loon, G.R., Scapagnini, V. Moberg, G.P., Ganong, W.F.: Evidence for central adrenergic 
neural inhibition of ACTH secretion in the rat. Endocrinology 89, 1464-1469 (1971) 

Vaupel, D.B., Nozaki, M., Martin, W.R., Bright, L.D.: Single dose and cross tolerance studies 
ofB-phenethylamine, d-amphetamine and LSD in the chronic spinal dog. Eur. J. Pharma
col. 48,431-437 (1978) 

von Hungen, K., Roberts, S., Hill, D.F.: LSD as an agonist and antagonist at central dopamine 
receptors. Nature 252, 588-589 (1974) 

von Hungen, K., Roberts, S., Hill, D.F.: Interactions between lysergic acid diethlylamide and 
dopamine-sensitive adenylate cyclase systems in rat brain. Brain Res. 94, 57-66 (1975) 

Vrbanac, J.1., Tilson, H.A., Moore, K.E., Rech, R.H.: Comparison of 2,5-Dimethoxy-4-
Methylamphetamine (DOM) and d-amphetamine for in vivo efflux of catecholamines from 
rat brain. Pharmacol. Biochem. Behav. 3, 57-64 (1975) 

Wallach, M.B., Friedman, E., Gershon, S.: 2,5-Dimethoxy-4-methylamphetamine (DOM), a 
neuropharmacological examination. J. Pharmacol. Exp. Ther. 182, 145-154 (1972) 

Wastek, G.1., Stern, L.Z., Johnson, P.e., Yamamura, H.I.: Huntington's disease: regional al
teration in muscarinic cholinergic receptor binding in human brain. Life Sci. 19, 1033-1040 
(1976) 

Weinstein, H., Green, J.P., Osman, R., Edwards, W.E.: Recognition and activation mech
anisms on the LSD/serotonin receptor: the molecular basis of structure activity relation
ships. In: Quantitative structure activity relationships of analgesics, narcotic antagonists, 
and hallucinogens. Barnett, G., Trsic, M., Willette, R.E. (eds.), pp. 333-35 Washington, 
D.e.: U.S. Government Printing Office, NIDA Research Monograph 22 1978 (Stock No. 
017-024-00786-2 



88 D. X. FREEDMAN and W. O. BOGGAN 

Whitaker, A.E., Lovell, R.A., Freedman, D.X.: Effect of chlorimipramine on the metabolism of 
5-hydroxytryptamine in the rat brain. Biochem. Pharmacol. 22, 2200-2202 (1973) 

Whitaker, P.M., Seeman, P.: Selective labelling of serotonin receptors by 3H-LSD in calf cau
date. Proc. Natl. Acad. Sci. U.S.A. 75, 5783-5787 (1978) 

Whitaker, P.M., Seeman, P.: Selective labelling of apomorphine receptors by 3H-LSD. Eur. J. 
Pharmacol. 56, 269-271 (1979) 

Winters, J.e.: Tolerance to a behavioral effect oflysergic acid diethylamide and cross-tolerance 
to mescaline in the rat: absence of a metabolic component. J. Pharmacol. Exp. Ther. 178, 
625-630 (1971) 

Woolley, D.W., Shaw, E.: A biochemical and pharmacological suggestion about certain mental 
disorders. Proc. Natl. Acad. Sci. U.S.A. 40, 228-231 (1954) 

Wyatt, RJ., Cannon, E.H., Stoff, D.M., Gillin, J.e.: Interactions of hallucinogens at the clini
cal level. Ann.'N.Y. Acad. Sci. 281, 456-486 (1976) 

Ziegler, M.G., Lovell, R.A., Freedman, D.x.: Effects of lysergic acid diethylamide on the up
take and retention of brain 5-hydroxytryptamine in vivo and in vitro. Biochem. Pharmacol. 
22, 2183-2193 (1973) 



CHAPTER 5 

Neurophysiologic Properties of Psychotomimetics 

G. K. AGHAJANIAN 

A. Introduction 
In recent years, physiologic studies on psychotomimetic drugs (e.g., psychedelics, 
stimulants, and deliriants) have focused increasingly upon actions at the single neuron 
level. This trend has been fostered by the mapping of a number of neuronal systems 
in the central nervous system according to neurotransmitter content. Of prime impor
tance to investigations on psychedelic and stimulant drugs has been the mapping of 
monoaminergic neurons in the brain by the formaldehyde-condensation histochemi
cal method of FALCK and HILLARP (DAHLSTROM and FUXE, 1965). By means of this 
and related methods it has been possible to identify the location ofthe cell bodies, ax
ons, and terminal fields of the major monoaminergic pathways (i.e., noradrenergic, 
dopaminergic, and serotonergic). Similarly, the mapping of central cholinergic path
ways has been crucial to investigating the actions of the antimuscarinic drugs, which 
produce a state of delirium. 

This emerging histochemical knowledge has had an inevitable impact on physio
logic approaches to the investigation of psychotomimetic drugs. Many psychotomi
metic drugs are closely related in chemical structure to known neurotransmitters in 
the brain (e.g., the monoamines or acetylcholine). This review will place emphasis on 
single-cell recording studies dealing with the actions of psychotomimetic drugs on 
chemically related, histochemically identified neuronal systems. Wherever possible an 
effort will be made to establish correlations between the single-cell studies and rele
vant biochemical and behavioral data. The more general physiologic actions of psy
chotomimetic drugs have been reviewed by BRAWLEY and DUFFIELD (1972). 

As defined above, the scope of this review is limited by the fact that several psy
chotomimetic drugs (e.g., the tetrahydrocannabinols and phencyclidine) have no ob
vious chemical relationship to any known neurotransmitters. On the other hand, ma
jor sections will be devoted to the indoleamine and phenethylamine group of psy
chedelic drugs and the stimulant drugs; these drugs are chemically related to the 
monoamines and have been studied extensively within histochemically identified 
monoaminergic systems. The delirium-inducing anticholinergic (antimuscarinic) 
drugs also will be considered since their actions have been studied within identified 
central cholinergic pathways by single-cell recording techniques. 

B. Psychotomimetic Drugs and Related Neurotransmitters 
I. Psychedelics 

The psychedelic class includes D-lysergic acid diethylamide (LSD), the 0- and N
methylated indoleamines, mescaline, the methoxyamphetamines, and several mari-
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juana derivatives (e.g., ,19-tetrahydrocannabinol). These drugs, which are sometimes 
referred to as "hallucinogens," produce an altered state of perception, cognition, and 
affect without inducing the profound confusion and disorientation which are typical 
of a "toxic" or "organic" psychosis. It has been proposed that the psychedelic state 
represents an appropriate model for incipient phases of certain acute psychosis but 
not for chronic stages of schizophrenia (BOWERS and FREEDMAN, 1966). 

On a single-cell level, LSD and the simple indole amine hallucinogens will be dis
cussed together as they appear to have many actions in common. Mescaline and the 
methoxyamphetamines will be considered separately as they differ from the indole
amine group in many of their cellular actions despite their similar overall effects on 
behavior. A similar analysis of the sites of action of the tetrahydrocannabinols is not 
possible since these compounds have not been linked as yet to any specific neurotrans
mitter systems. 

1. LSD and the Simple Indoleamines 

a) Background 

Partly because of its structural similarity to the endogenous indoleamine serotonin (5-
hydroxytryptamine; 5-HT), it has been thought that LSD might act upon 5-HT recep
tors in the CNS (GADDUM, 1953; WOOLLEY and SHAW, 1954; FREEDMAN, 1961). More 
recently, it has been found by single-cell recording and microiontophoretic techniques 
that there are at least three types of central 5-HT receptors in the mammalian brain: 
inhibitory postsynaptic, facilitatory postsynaptic, and autoreceptors (AGHAJANIAN et 
aI., 1975; AGHAJANIAN and WANG, 1978; MCCALL and AGHAJANIAN, 1979). The ac
tions of hallucinogenic drugs at each type of 5-HT receptor will be reviewed. 

b) Actions at Autoreceptors and Inhibitory Postsynaptic Receptors 

The first direct evidence for an effect of LSD on the physiologic activity of a histo
chemically identified neuronal system came with the demonstration that small intra
venous doses of LSD inhibit the firing of 5-HT neurons in the raphe nuclei of rats 
(AGHAJANIAN et aI., 1968; AGHAJANIAN et aI., 1970). Initially, it was suggested that 
LSD might inhibit 5-HT neurons through a negative feedback circuit by acting as an 
agonist on postsynaptic neurons (AGHAJANIAN et aI., 1968; ANDEN et aI., 1968). How
ever, subsequent studies have shown that LSD has a powerful direct inhibitory action 
upon 5-HT neurons in the raphe when applied by microiontophoresis (AGHAJANIAN 
et aI., 1972; BRAMWELL and GONYE, 1976). Moreover, the inhibition of 5-HT neurons 
by LSD is more pronounced than its inhibitory effect upon neurons receiving an iden
tified serotonergic input in several visual and limbic areas (HAIGLER and AGHAJANIAN, 
1974a; DEMONTIGNY and AGHAJANIAN, 1977). In contrast, 5-HT itself shows no such 
preferential activity. The 2-bromo derivative of LSD, which has minimal hallucino
genic effects, also fails to show such preferential action (AGHAJANIAN, 1976). By inhib
iting 5-HT neurons directly, LSD could release postsynaptic neurons from a tonic in
hibitory 5-HT influence; such a release or disinhibition might account for the sensory, 
cognitive, and other disturbances caused by LSD. The finding of increased activity of 
some neurons in the lateral geniculate nucleus, amygdala, and other areas after low 
doses of LSD is consistent with this idea (MOURIZ-GARCIA et aI., 1969; GUILBAUD et 
aI., 1973; HORN and McKAY, 1973; HAIGLER and AGHAJANIAN, 1974a). 
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Three simple indoleamine hallucinogenic drugs, psilocin (4-hydroxy-N,N-di
methyltryptamine), DMT (N,N-dimethyltryptamine), and 5-methoxy-N,N-dimethyl
tryptamine also have a preferential inhibitory action upon 5-HT neurons as compared 
to postsynaptic neurons in the lateral geniculate (ventral nucleus) and amygdala 
(AGHAJANIAN and HAIGLER, 1975; DEMONTIGNY and AGHAJANIAN, 1977). On the 
other hand, there is only a slight difference between the pre- und postsynaptic actions 
of bufotenine (5-hydroxy-N,N-dimethyltryptamine). In general, these results parallel 
the known hallucinogenic (or psychotogenic) actions of these compounds. Except for 
LSD and some of its congeners, psilocin is the most potent of the indoleamine hallu
cinogens that have been tested in human subjects (WOLBACH et aI., 1962). The effects 
of another powerful indoleamine hallucinogen, psilocybin (4-phosphoryl-N,N-di
methyltryptamine) are most probably mediated through its rapid metabolic conver
sion to psilocin (HORITA, 1963). The physiologic effects of DMT are similar to those 
of LSD and psilocin except for its lesser potency (SZARA, 1956; ROSENBERG et aI., 
1964). On the other hand, even high doses of bufotenine have little hallucinogenic ac
tion (FABING and HAWKINS, 1956; TURNER and MERLIS, 1959). Perhaps part of the 
reason for bufotenine's low hallucinogenic activity is the fact that is penetrates the 
brain poorly (SANDERS and BUSH, 1967). It is also possible that bufotenine has low ac
tivity as an hallucinogen because it differentiates less well between pre- and postsyn
aptic serotonergic sites than do psilicin, DMT, and 5-methoxy-N,N-dimethyltrypta
mine. 

In general, these results are compatible with the hypothesis that LSD and the 
simple indoleamine hallucinogens could produce their hallucinogenic effects by acting 
preferentially upon 5-HT autoreceptors on or near the soma 5-HT neurons in the 
raphe nuclei. Two possible physiologic functions can be suggested for 5-HT autore
ceptors. The autoreceptors could mediate the effects of 5-HT axon collaterals (or den
drodendritic junctions) within or between the various raphe nuclei. Recently, direct 
physiologic evidence for recurrent or collateral inhibition has been provided by stud
ies in which the major ascending 5-HT pathway was activated antidromically during 
the recording of 5-HT cells which originate in the raphe (WANG and AGHAJANIAN, 
1977, 1978). Another possible function of 5-HT autoreceptors is suggested by the find
ing that LSD blocks 5-HT release from isolated brain slices (CHASE et aI., 1967; FAR
NEBO and HAMBERGER, 1971; HAMON et aI., 1974). Thus, the autoreceptors that are 
sensitive to LSD may be involved in a local negative feedback regulation of 5-HT re
lease from serotonergic terminals. 

Figure 1 summarizes the differential actions of indoleamine hallucinogens at au
toreceptors and postsynaptic inhibitory 5-HT receptors. 

c) Actions at Facilitatory Postsynaptic 5-HT Receptors 

Motoneurons of the brain and spinal cord receive a dense 5-HT input (DAHLSTROM 
and Fmrn, 1965). Recently, it has been found that excitation of facial and other mo
toneurons by various means (e.g., stimulation of motor cortex, iontophoresis of gluta
mate) is markedly facilitated by 5-HT (MCCALL and AGHAJANIAN, 1979). By itself 5-
HT has no excitatory action on the normally quiescent motoneurons. The facilitatory 
action of 5-HT is characterized by a long latency of onset and persistence for extended 
periods beyond the cessation of iontophoresis. The interpretation of this data for fa-
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limbic 

Indoleamine 
Hallucinogens:R1>R2 

5-HT:R1=R2 

Fig.t. A hypothetical circuit diagram of the differential localization of 5-HT autoreceptors Rl 
and inhibitory ( - ) postsynaptic 5-HT receptors R2• 5-HT autoreceptorts are shown in relation 
to inhibitory 5-HT axon collaterals within the raphe nuclei; postsynaptic 5-HT receptors are 
shown in relation to postsynaptic neurons in limbic and 2° visual areas 

cial motoneurons is simplified by the fact that there are no interneurons within the 
facial nerve nucleus itself. Thus, 5-HT presumably facilitates through an action on 
synaptic inputs or on the motoneuron itself. The classic 5-HT antagonists (e.g., meth
ysergide and cyproheptadine), which are not consistently or selectively effective at in
hibitory 5-HT receptors (CURTIS and DAVIS, 1962; BLOOM et aI., 1972; HAIGLER and 
AGHAJANIAN, 1974 b; SEGAL, 1976), selectively and powerfully block the facilitatory 
effects of 5-HT on facial motoneuron excitation. Norepinephrine (NE) also facilitates 
motoneuron excitation, but via a different receptor as its effect is blocked by a-adre
noceptor antagonists but not by 5-HT antagonists (MCCALL and AGHAJANIAN, 1979). 
Previous studies have reported "excitatory" actions of 5-HT on unidentified spon
taneously active brain stem neurons (e.g., BOAKES et aI., 1970). In the latter area, as 
in the facial nerve nucleus, responses to 5-HT tended to be delayed and prolonged. 
Based on the facial nerve studies, these apparent excitations induced by 5-HT could 
be interpreted alternatively as representing a facilitation of tonic excitatory inputs. 
The excitatory effects of 5-HT on brain stem neurons have been reported to be block
ed by LSD (BOAKES et aI., 1970). However, since the existence ofa 5-HT input to the 
latter neurons has not been established, the physiologic relevance of these findings 
must await further study. In contrast, the facilitation of facial neuron excitation by 
5-HT as well as by NE is greatly enhanced by low intravenous doses of LSD (e.g., 
10 Ilg/kg) (MCCALL and AGHAJANIAN, 1980). The iontophoresis of LSD at low cur
rents, which by themselves have no effect, also enhances 5-HT facilitation; at higher 
currents LSD temporarily antagonizes the response. Thus, in small amounts LSD ap
pears to sensitize these receptors to the facilitatory effects of 5-HT. Interestingly, 
mescaline also sensitizes and/or acts as an agonist at motoneuron 5-HT receptors de
spite the fact that it acts differently from LSD at certain other 5-HT receptors (see be
low). These sensitizing or facilitating effects on motoneuron excitability could account 
for the enhancement of certain spinal reflexes by LSD (ANDEN et aI., 1968) and mesca
line (MAJ et aI., 1977). The interaction of hallucinogenic drugs with the facilitation 
of motoneuron excitability by 5-HT is depicted in Fig. 2. 
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Fig. 2. A diagrammatic representation of the interaction between a hypothetical excitatory ( + ) 
glutaminergic GLU input to a cholinergic motor neuron ACh and a facilitatory S-HT input! 
acting at a receptor R3 on the motor neuron. The facilitatory R3 receptor could also be located 
presynaptically (i.e., on the excitatory nerve terminal). LSD and mescaline are shown to sensi
tize the facilitatory S-HT receptor R3 

d) Indoleamine Hallucinogens, 5-HT Neurons, and Behavior 

Recently, TRULSON and JACOBS (1978, to be published, a) have examined the behavior
al effects of hallucinogenic drugs in awake, freely moving cats, while simultaneously 
recording the activity of 5-HT neurons. Both LSD and 5-methoxy-N,N-dimethyltryp
tamine decreased the activity of 5-HT neurons in a dose-dependent manner in associ
ation with increases in behaviors that are characteristically produced by hallucino
genic drugs in cats (e.g., the limb flick response). In the case of 5-methoxy-N,N-di
methyltryptamine, the onset, offset, and peak of the behavioral effects were temporal
ly correlated with changes in neural activity. The results with LSD were in general 
similar to those seen with 5-methoxy-N,N-dimethyltryptamine. However, in the case 
of LSD the behavioral effects outlasted the depression in 5-HT neuronal activity. Fur
thermore, when LSD was readministered the next day, it produced little or no be
havioral effect, but the depression in 5-HT cell activity was as large as that on the first 
day. Thus, it appears that while LSD may be having its primary effect by depressing 
the firing of 5-HT neurons, it might also produce changes in postsynaptic neurons that 
can both outlast the primary effect and modify responses to subsequent injections. 
Such changes could involve alterations in the sensitivity of postsynaptic 5-HT recep
tors to LSD, 5-HT, or both (TRULSON et aI., 1977; TRULSON and JACOBS, to be pub
lished, b). 

e) Comparison of LSD with Lisuride, a N onhallucinogenic ergoline 
Lisuride is an ergoline derivative which is structurally similar to LSD. However, un
like LSD, lisuride does not produce hallucinations in man and, in fact, has recently 
been evaluated for use in the prophylaxis of migraine headache (HERRMANN et aI., 
1977) and in the treatment ofhyperprolactinemic states (LIUZZI et aI., 1978; HOROW
SKI et aI., 1978). In common with some but not all chemically related ergot alkaloids 
(BURKI et aI., 1978; FuXE et aI., 1978), lisuride reduces 5-HT and dopamine (DA) turn
over and, at higher doses, increases NE turnover (KEHR, 1977; PIERI et aI., 1978). 
These and other biochemical observations have led to the conclusion that lisuride is 
a potent 5-HT and DA receptor agonist and a somewhat weaker NE receptor antag
onist. 
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Recently, as previously demonstrated for LSD, extremely small doses of lisuride 
have been found to produce a rapid, dose-dependent suppression of 5-HT neuronal 
activity (ROGAWSKI and AGHAJANIAN, to be published). In microiontophoretic ex
periments, both lisuride and LSD produce a complete suppression of most raphe units 
studied, but, for equivalent iontophoretic currents, the recovery with lisuride is more 
prolonged. These results suggest that lisuride, like LSD, has a direct agonist action 
at 5-HT autoreceptors. However, since drugs interacting with central adrenoceptors 
have been found to indirectly influence to activity of raphe serotonergic neurons 
(SVENSSON et aI., 1975; GALLAGER and AGHAJANIAN, 1976; BARABAN et aI., 1978), the 
possibility that lisuride's action is in whole or in part mediated via an action at adren
ergic receptor sites cannot be excluded. In any case, the response of raphe neurons ap
pears to be highly selective since units in the locus ceruleus are not depressed by the 
drug. 

In contrast to its depressant effects in the raphe, lisuride, in somewhat higher 
doses, causes an activation of noradrenergic neurons in the locus ceruleus. This acti
vation is consistent with the increased turnover of NE reported after corresponding 
higher doses in biochemical studies. Pharmacologic agents with tX-adrenoceptor 
blocking properties, such as piperoxan, which activate the locus ceruleus (CEDARBAUM 
and AGHAJANIAN, 1976) have been reported to produce anxiety or fear in human sub
jects (GOLDENBERG et aI., 1947; SOFFER, 1954). It is therefore of interest to note that 
one of the most prominent side effects of lisuride is its anxiety-producing or "dys
phoric" action (ITIL et aI., 1975). LSD also causes an activation of locus ceruleus 
neurons and has been reported to decrease NE levels and accelerate NE turnover 
(FREEDMAN, 1963; DIAZ et at., 1968; LEONARD and TONGE, 1969; STOLK et aI., 1974), 
but both the physiologic and biochemical effects are less pronounced than with 
lisuride (PmRI et aI., 1978). 

Lisuride's action on dopaminergic neurons is not as clear-cut as its effects on the 
other two monoaminergic systems. The majority of cells tested are depressed by low 
doses of the drug, but in many cases this response is only partial and a small propor
tion of the cells were excited (ROGAWSKI and AGHAJANIAN, to be published). Similar 
effects of LSD on dopamine cells have been reported (CHRISTOPH et aI., 1977). 

In summary, lisuride resembles LSD in its effects on 5-HT and other monoamin
ergic neurons, except for a more prominent effect of lisuride on noradrenergic 
neurons. 

f) Conclusions 

Considerable evidence has now accumulated that LSD and the simple indoleamine 
hallucinogens can inhibit directly the firing of 5-HT neurons through a preferential 
action on 5-HT autoreceptors. In general, the first-dose effect of these drugs on hal
lucinogen-specific behaviors in cats correlates well with their ability to suppress 5-HT 
cell activity, although the behavioral effects of LSD seem to outlast changes in firing 
rate. In any case, by directly suppressing 5-HT cell activity these drugs could produce 
a psychedelic-hallucinatory state by disinhibiting postsynaptic neurons in various 
postsynaptic areas where 5-HT is inhibitory (e.g., in limbic and 2° visual nuclei of the 
brain; HAIGLER and AGHAJANIAN, 1974 a). One problem with this hypothesis is the fact 
that ergoline drug lisuride, which is even more powerful than LSD in inhibiting 5-HT 
neurons, is not hallucinogenic. However, lisuride might share some properties with in-
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directly acting agents that suppress 5-HT cell firing (e.g., (X-adrenergic antagonists) 
and therefore would not express hallucinogenic activity. In any case, it will be of the
oretical interest to further investigate pharmacologic differences between lisuride and 
LSD which could reveal drug actions critical for psychotomimetic activity. 

Finally, the discovery of receptors at which LSD and mescaline can sensitize the 
facilitatory action of 5-HT opens a new approach to the study of these drugs on single 
cells. Thus far, these sensitizing effects of psychedelic drugs have been observed direct-
1y only on motoneurons. If similar effects can be found in sensory pathways, then sen
sitization, in distinction to disinhibition, might account for the altered perceptual 
reactivity induced by this drug. 

2. Mescaline and Methoxyamphetamines 

a) Background 

As the effects of LSD and mescaline (3,4,5-trimethoxyphenylethylamine) on auto
nomic function and behavior are similar (WOLBACH et aI., 1962), it generally has been 
assumed that these two drugs share a common site of action. In various species, cross 
tolerance occurs between LSD and mescaline (BALESTRIERI and FONTANARI, 1959; Ap
PEL and FREEDMAN, 1968). A metabolic mechanism does not seem to account for such 
cross tolerance since prior treatment with mescaline does not reduce brain levels of 
LSD (WINTERS, 1971). Several investigators (SNYDER and RICHELSON, 1968; KANG 
and GREEN, 1970; NICHOLS et aI., 1977) have proposed that mescaline may assume a 
conformation resembling a portion of the LSD molecule. Taken together, these data 
suggest that LSD and mescaline may act on the same receptor site in the eNS. Single
cell studies to test this hypothesis have dealt mainly with actions in the serotonergic 
and noradrenergic systems. 

b) Mescaline, Methoxyamphetamines, and 5-HT Neurons 

Systemic administration of mescaline (2-4 mg/kg, i.v.) has been found to inhibit a 
subpopulation of 5-HT neurons located within the ventral portion of the dorsal raphe 
nucleus and adjacent areas of the median raphe nucleus (AGHAJANIAN et aI., 1970). 
A similar subpopulation of raphe neurons are inhibited by 2,5-dimethoxy-4-methyl
amphetamine (DOM). When LSD is administered systemically in doses comparable 
to those that produce behavioral effects, the firing of serotonergic neurons in the 
raphe nuclei of the brain stem is reversibly inhibited (see above). When LSD is admin
istered microiontophoretically a similar inhibition is obtained (AGHAJANIAN et aI., 
1972). These data, coupled with the fact that after the systemic administration of 
mescaline a subpopulation of raphe neurons is inhibited (AGHAJANIAN et aI., 1970), 
indicate that there may exist a subpopulation of raphe neurons that would be in
hibited by the microiontophoretic application of mescaline. However, this expectation 
is not borne out by studies in which the effects of microiontophoretically and systemi
cally applied mescaline are compared (HAIGLER and AGHAJANIAN, 1973). Although 
some raphe neurons are partially depressed by the microiontophoretic application of 
mescaline, this effect may represent a local anesthetic action and is not correlated with 
the inhibition produced by mescaline given intravenously. On the other hand, some 
raphe cells are unaffected by the microiontophoretic application of mescaline but are 
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completely inhibited by the systemic administration of mescaline. The failure to ob
tain a response to mescaline, even under extreme conditions, from cells that are very 
sensitive to systemic mescaline does not support the view that the action of systemic 
mescaline on these raphe neurons is a direct one. In contrast, certain cortical neurons 
are highly responsive to the direct application of mescaline with no reported local an
esthetic effect (BRADSHAW et aI., 1971). In the raphe there is no correlation between 
response to mescaline and NE administered microiontophoretically (HAIGLER and 
AGHAJANIAN, 1973) as has been reported for cortical cells (BRADSHAW et aI., 1971). 
Moreover, in the raphe there is no relationship between responses to i.v. mescaline 
and responses to NE given iontophoretically. 

A possible explanation for the lack of correlation between the effect of mescaline 
given systemically or microiontophoretically would be that an active metabolite is 
formed in the periphery when the drug is given by the systemic route. Therefore, when 
mescaline is applied very close to the cell it would be relatively ineffective since there 
would be no opportunity for it to be metabolized. Two metabolites of mescaline that 
have been studied in man (i.e., N-acetylmescaline and 3,4,5-trimethoxyphenylacetic 
acid) do not produce physiologic and psychological effects (CHARLAMPOUS et aI., 
1966). The primary metabolite of mescaline in rats is 3,4,5-trimethoxyphenylacetic 
acid (MusAccmo and GOLDSTEIN, 1967). The possibility that mescaline must be con
verted to this metabolite in rats before it is effective on raphe cells has not been ruled 
out. However, the blockade of mescaline metabolism by iproniazid does not prevent 
certain of its behavioral effects (SMYTmES et aI., 1967). Moreover, in the single-cell ex
periments, the onset of the inhibition of firing in the raphe cells is within 30--40 s after 
the i.v. injection of mescaline, suggesting that if an active metabolite is formed this 
must occur extremely rapidly to be responsible for the inhibition. 

In conclusion, it would appear that the effects of systemically administered mesca
line upon 5-HT cells are via an indirect mechanism since the only direct mescaline ef
fect obtainable was of a local anesthetic type. Furthermore, it appears that responses 
to mescaline by either route are unrelated to response to NE. As both LSD and mesca
line can inhibit cells in the raphe nuclei when given systemically, but only LSD readily 
produces an inhibition in these cells when applied microiontophoretically, it would 
appear that they differ in their mode of action upon raphe cells. On a biochemical 
level, LSD and mescaline also differ as LSD but not mescaline depresses the metab
olism of brain serotonin (FREEDMAN et aI., 1970). The possibility remains that LSD 
and mescaline share a common site of action in some other area of the CNS. 

c) Mescaline, Methoxyamphetamines, and Noradrenergic Transmission 

In the periphery, mescaline can have both agonistic and antagonistic actions on ad
renergic receptors (CLEMENTE and LYNCH, 1968). When applied to unidentified brain 
stem neurons, mescaline at high iontophoretic currents blocks responses to catechol
amines (GONZALEZ-VEGAS, 1971). In the cerebral cortex, mescaline (again at high ion
tophoretic currents) exerts both excitatory and depressant actions (BRADSHAW et aI., 
1971; BEVAN et aI., 1974). Regardless of the direction of change, the effects ofmesca
line have a higher correlation with the effects produced by NE than with those pro
duced by 5-HT. However, mescaline is a much weaker "agonist" than either of the 
endogenous amines and its effects are not antagonized in a specific way by adrenergic 
or serotonergic antagonists. 
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Of course, it is possible that mescaline and methoxyamphetamine have their effects 
on monoamine transmission through an indirect action, such as on uptake (DENGLER 
et aI., 1961) or release of endogenous transmitter (TILSON and SPARBER, 1972), rather 
than through a direct action on receptors. Mescaline, as well as LSD and the simple 
indoleamine hallucinogens, induces a decrease in levels ofNE in brain (BARCHAS and 
FREEDMAN, 1963; DIAZ et aI., 1968; LEONARD and TONGE, 1969). However, NE metab
olite patterns are not altered in a consistent fashion, indicating that the various psy
chotomimetic drugs may not share a common effect on brain NE neurons (STOLK et 
aI., 1974). 

Recently, the effects of mescaline on the firing pattern of single NE neurons of the 
locus ceruleus have been studied in rats (AGHAJANIAN, 1980). In low systemic doses 
(1-4 mg/kg) mescaline has a dual action on these neurons. It induces a suppression 
of baseline firing rate while reactivity to peripheral stimuli remains the same or in
creases. NE neurons of the locus ceruleus respond to a noxious stimulus applied any
where on the body by an initial activation followed by a period of suppressed activity 
(CEDARBAUM and AGHAJANIAN, 1978 a). The activation appears to be via direct spinal 
afferents, although some relay neurons may be involved (CEDARBAUM and AGHA
JANlAN, 1978 a and b). There is evidence that the postactivation suppression in firing 
is mediated by NE released from a direct axon-collateral negative feedback system 
(AGHAJANIAN et aI., 1977; CEDARBAUM and AGHAJANlAN, 1978 a). Mescaline prolongs 
the period of postactivation inhibition and thus behaves like desipramine, an inhibitor 
ofNE uptake (AGHAJANIAN et aI., 1978). As in the case of desipramine, the extended 
postactivation suppression induced by mescaline can be reversed by the presynaptic 
«(X2) adrenoceptor antagonist piperoxan (AGHAJANIAN, in preparation). However, 
mescaline differs from desipramine, amphetamine, and the (X2-agonist clonidine as the 
latter drugs depress reactivity to peripheral stimuli (AGHAJANlAN, 1980). Mescaline al
so differs from the (X2-antagonist piperoxane; the latter diminishes postactivation col
lateral inhibition, but does not increase the initial reactivity to peripheral stimuli. 
Thus, mescaline possesses a unique action upon NE neurons which cannot be classi
fied according to simple agonism or antagonism. Microiontophoretic results are con
sistent with this view: mescaline does not directly depress the firing ofNE neurons (ex
cept at high iontophoretic currents), nor does it antagonize the depressant effects of 
NE. 

d) Conclusions 

Mescaline and the methoxyamphetamines do not fit into any simple category as ag
onists or antagonists with respect to either 5-HT or NE neurons. Indeed, the enhance
ment of NE-neuronal reactivity in relation to a reduction in baseline activity which 
is produced by mescaline represents an effect unlike that seen with known adrenergic 
agonists or antagonists that act at that site. Recent single-cell recording studies show 
that low doses of LSD (5 Ilg/kg, i.v.) also enhance reactivity ofNE neurons to periph
eral stimuli (AGHAJANIAN, in preparation). These findings are reminiscent of the ear
lier studies that show an activating effect of low doses of LSD on evoked potentials 
in specific sensory systems (PURPURA, 1956). Moreover, the activation of EEG by 
LSD is enhanced by increased external stimuli (BRADLEY and KEY, 1958). Similarly, 
clinical reports show that the subjective effects of LSD are accentuated with increased 
environmental stimulation (ELKES et aI., 1954; COHEN and EDWARDS, 1964). Further-
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more, the ECoG-activating effect of the psychedelic drugs differs from the stimulants, 
such as amphetamine, that activate the ECoG independently of the level of ambient 
stimulation (BRADLEY and Eurns, 1957). More recently, it has been shown that LSD 
(DAVIS and SHEARD, 1974; MIUARESSIS and ST-LAURENT, 1974) and mescaline (GEYER 
et aI., 1978) enhance startle responses to acoustic and tactile stimuli, respectively. 
Thus, the mechanisms by which LSD or mescaline enhance NE-cell reactivity to pe
ripheral stimuli may offer a clue to an understanding of mechanisms these psychedelic 
drugs may have in common. 

II. Stimulants 

In large doses, the amphetamine and other stimulants can induce a psychosis that 
bears a close clinical resemblance to spontaneous paranoid psychoses or paranoid 
schizophrenia (CONNELL, 1958; BEAMISH and KIWH, 1960; BELL, 1965; ELLINWOOD, 
1967). Because oftheir obvious similarity in chemical structure to the catecholamines, 
the amphetamines have long been presumed to act via these neurotransmitters (SNY
DER, 1972). Single-cell recording and microiontophoretic studies support the concept 
that amphetamine acts indirectly through the release or blockade of reuptake of en
dogenous catecholamines (e.g., BOAKES et aI., 1972; BUNNEY et aI., 1973; GROVES et 
al., 1976). 

Several studies have indicated that paranoid symptoms can be elicited in human 
subjects with similar doses OfL- and D-amphetamine (ANGRISTet aI., 1971; JANOWSKY 
and DAVIS, 1976). These results suggest that brain systems in which the two isomers 
have nearly equal actions may be involved in mediating the psychotomimetic effects 
of these drugs. Thus, a major strategy in approaching their biochemical, behavioral, 
and physiologic actions on catecholaminergic neurons has been to compare relative 
potencies of the amphetamine isomers in various test systems (SNYDER et aI., 1974). 

1. Comparison of Amphetamine Isomers on the Activity 
of NE and DA Neurons 

Most (SVENSSON, 1971; COSTA et aI., 1972; FERRIS et aI., 1972; SCHEEL-KRUGER, 1972; 
HARRIS and BALDESSARINI, 1973; JORI et aI., 1973; THORNBURG and MOORE, 1973; 
HOLMES and RUTLEDGE, 1976; PETERSON and SPARBER, 1976) but not all (RoFFMANN 
et aI., 1978) recent biochemical and behavioral studies have indicated that D- and L
amphetamine are approximately equipotent in the NE system, but that D-isomer is 
much more potent than the L-isomer in the DA system. Similar differences have been 
found in single-cell recording studies (BUNNEY et aI., 1975). DA neurons of the sub
stantia nigra (zona compacta) are 5-20 times more sensitive to the depressant effect 
of D- and L-amphetamine given intravenously. On the other hand, the potency of L
amphetamine in depressing the firing ofNE neurons is equal to that ofD-amphetami
ne. From these results it would appear that low doses of L-amphetamine have a pref
erential action on the firing ofNE as opposed to DA neurons. There is evidence from 
single-cell studies that the depression ofDA cell firing by D-amphetamine is mediated 
indirectly by a postsynaptic neuronal feedback circuit (BUNNEY and AGHAJANIAN, 
1976). An alternative view is that D-amphetamine depresses the firing ofDA neurons 
by releasing DA locally from dendrites (GROVES et aI., 1975). In this case, the local 
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"self-inhibitory" effect ofDA could be mediated by DA autoreceptors (AGHAJANIAN 
and BUNNEY, 1977). In either case, the much greater effect ofo-amphetamine on DA 
cells firing correlates with the greater potency of this isomer in affecting the firing of 
postsynaptic striatal neurons innervated by the DA neurons of the zona compacta 
(REBEC and GROVES, 1975). Comparisons between 0- and L-amphetamine have been 
made on NE-innervated postsynaptic neurons in the cerebellum (WISE and HOFFER, 
1977); the two isomers have an equal ability to inhibit Purkinje cell discharge in this 
region. If 0- and L-amphetamine prove to have equal actions at other postsynaptic 
NE sites as well, then the NE rather than DA system would seem more likely to be 
responsible for the amphetamine-induced paranoid psychosis. However, new data on 
differential actions ofo- and L-amphetamine within subgroups ofDA neurons neces
sitates a modification of this conclusion (see below). 

2. Differential Actions of Amphetamine Isomers 
on Striatal and Nonstriatal DA Systems 

It hat been proposed by a number of investigators that while the nigrostriatal DA sys
tem is involved in extrapyramidal motor functions, the nonstriatal mesocortical and 
mesolimbic DA projection systems, which arise in the ventral tegmental area, may be 
involved in schizophrenia (COSTA and GESSA, 1977). In a recent single cell recording 
study, the potencies ofL- and o-amphetamine in decreasing the firing ofDA neurons 
in both the substantia nigra (A9) and the ventral tegmentum area (A 10) were com
pared (BROWDER et aI., to be published). In agreement with previous results (BUNNEY 
et aI., 1975), the firing rate of A9 neurons is much more sensitive to 0- and than L
amphetamine. In addition, the dose-response of A 10 cells to o-amphetamine is com
parable to that of A 9 cells. 

Surprising, however, A 10 cells are at least as sensitive to the depressant action of 
L- as o-amphetamine. These data show that the various DA nuclei are not pharma
cologically homogenous. Moreover, as the two amphetamine isomers have similar 
potencies on A 10 neurons, the mesolimbic and mesocortical DA systems represent a 
possible site through which the stimulant drug could produce a paranoid psychosis. 

III. Deliriants 

A delirious state (or toxic psychosis) is characterized by confusion, disorientation, 
memory deficits, and hallucinations. When produced by nonspecific toxic agents the 
delirium is often accompanied by generalized metabolic dysfunctions. The 
antimuscarinic drugs (e.g., atropine and scopolamine), which block cholinergic trans
mission at muscarinic receptor sites, are of particular pharmacologic interest as model 
psychotomimetic agents since they can reliably induce a delirious state in normal sub
jects without also inducing concomitant metabolic disturbances (e.g., KETCHUM et aI., 
1973). As the antimuscarinic drugs have a structural relationship to the neurotrans
mitter acetylcholine (ACh) (ABooo and BIEL, 1962), it may be hypothesized that the 
antimuscarinic drugs act upon cholinergic receptors in the brain, as they do in the peri
phery. A further clue about central mechanisms of action comes from the fact that 
anticholinesterase agents such as physostigmine, which block the hydrolysis of ACh, 
are able to reverse the delirium produced by antimuscarinic drugs (KLEINW ACHTER, 
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1864; FORRER and MILLER, 1958; CROWELL and KETCHUM, 1967; GOLDNER, 1967; 
DUVOISIN and KATZ, 1968; HEISER and GILLIN, 1971; KETCHUM et aI., 1973). These 
clinical findings clearly link the psychotomimetic effects of the antimuscarinic drugs 
to cholinergic mechanisms. 

With the discovery of presumptive cholinergic pathways in the brain by means of 
acetylcholinesterase (AChE) straining (SHUTE and LEWIS, 1963) combined with more 
specific biochemical assays (LEWIS et aI., 1967) it has become possible to apply single
cell recording techniques to the investigation of the actions of antimuscarinic drugs 
on central cholinergic neurotransmission. 

1. Antimuscarinic Drugs and Central Cholinergic Pathways 

Perhaps the best-characterized cholinergic pathway in brain lies within the septohip
pocampal projection. Some of the evidence is as follows: (1) ACh is located in the hip
pocampus and ACh levels are greatly reduced following lesions of the medial septum 
that interrupt the septohippocampal tract (KUHAR et aI., 1973); (2) stimulation of the 
medial septal nucleus results in the release of ACh from the dorsal hippocampus 
(ROMMELSPRACHER and KUHAR, 1974; SMITH, 1974; DUDAR, 1975); (3) choline acetyl
transferase, the enzyme necessary for the synthesis of ACh, is localized to the neuropil 
adjacent to the pyramidal cell layer of the hippocampus (FONNUM, 1970); (4) the ac
tivity of this enzyme in the hippocampus is decreased by medial septal lesions (LEWIS 
et aI., 1967; KUHAR et aI., 1973); (5) AChE, the enzyme responsible for the degrada
tion of ACh, is localized to the neuropil adjacent to the pyramidal cells (SHUTE and 
LEWIS, 1966; STORM-MATHISEN and BLACKSTAD, 1964); and (6) septal lesions result in 
a marked decrease in AChE activity in the hippocampal cell layer (LEWIS et aI., 1967; 
STORM-MATISEN, 1972; MELLGREN and SREBRO, 1973). It should be noted, however, 
that there is not as yet a universally accepted histochemical method for cholinergic 
neurons (e.g., by using choline acetyltransferase as a marker). 

The hippocampus has been linked with the functions of memory (SCOVILLE, 1957; 
VICTOR et aI., 1961), learning (MEISSNER, 1966), and spatial orientation (OLTON and 
ISSACSON, 1968; O'KEEFE and DOSTROVSKY, 1971; MAHUT and ZOLA, 1973). As these 
are major functions disrupted by the antimuscarinic drugs, the hippocampus repre
sents a relevant system for exploring the mechanism of action of their drugs. Hippo
campal pyramidal cells are exceedingly sensitive to the excitatory action of ACh and 
muscarinic agonists, but not to nicotinic agonists applied by microiontophoresis 
(HERZ and NACIMENTO, 1965; BISCOE and STRAUGHAN, 1966; BIRD and AGHAJANIAN, 
1975 and 1976; SEGAL, 1978). Muscarinic antagonists (i.e., atropine, scopolamine, and 
quinuclidinyl benzylate) totally and selectively block ACh excitation of hippocampal 
cells. Some but not all nicotinic antagonists are also effective, suggesting cholinergic 
receptors of the hippocampus are of the mixed type (BIRD and AGHAJANIAN, 1976; SE
GAL, 1978). Similar findings have been reported for the cerebral cortex (KRNJEVIC and 
PmLLIs, 1963), which also receives a cholinergic projection from the septal area. Ex
citatory responses to ACh are also blocked by antimuscarinic drugs in the lateral 
geniculate nucleus (PmLLIs et aI., 1967). The latter observation may be of interest in 
relation to the visual hallucinatory phenomenon induced by these drugs. Taken to
gether, these studies establish that antimuscarinic drugs have powerful anticholinergic 
actions in identified or presumed central cholinergic pathways. 
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2. Action of Physostigmine in Cholinergic Pathways 

Since physostigmine, a AChE inhibitor, can reverse the delirium produced by 
antimuscarinic drugs, its effect on transmission in known central cholinergic systems 
may be relevant to its clinical action. In normal animals, physostigmine greatly enhan
ces the excitatory effect of ACh on neurons in several brain regions such as the lateral 
geniculate nucleus (PHILLIS et aI., 1967) and the hippocampus (BIRD and AGHAJANIAN, 
1975). When the septohippocampal pathway is lesioned, causing a depletion of AChE, 
a marked increase occurs in sensitivity to ACh but not carbachol (which is resistant 
to hydrolysis by AChE). In the lesioned animals, with the loss of presynaptic AChE, 
physostigmine no longer enhances ACh excitation (BIRD and AGHAJANIAN, 1975). 
These results show that denervation supersensitivity to ACh in the septohippocampal 
pathway is due primarily to decreased inactivation of ACh by presynaptic AChE. An 
implication of this finding is that AChE inhibitors can substantially increase the 
amounts of ACh at physiologically active sites. The therapeutic effect of physostig
mine and other AChE inhibitors in reversing the delirium induced by antimuscarinic 
drugs may thus be explained by the fact that the action of ACh in the hippocampus 
and possibly other areas of the brain is so critically modulated by AChE. 

3. Deliriants as a Model for Human Memory Disorders 

Based on the fact that antimuscarinic drugs impair memory processes and anticholin
ergic drugs improve certain aspects of memory function, it has been suggested that 
diminished cholinergic transmission may underlie certain human memory disorders 
(DAVIS and YAMAMURA, 1978, for review). In support of this hypothesis, an age-re
lated decrease in the central cholinergic enzymes choline acetyltransferase and AChE 
has been observed (MCGEER and MCGEER, 1976). These decrements are more severe 
in patients with Alzheimer's type senile dementia (PERRY et aI., 1977). Thus, the possi
bility arises that drugs or precursors that enhance central cholinergic transmission 
might be useful in patients with senile or presenile dementias. 

C. General Conclusions 

As can be seen from the foregoing review, drugs within each of the major subgroups 
of psychotomimetics have dramatic effects on single-cell activity in chemically identi
fied neuronal systems. Furthermore, each major subgroup appears to be separable ac
cording to transmitter-specific actions as follows: 

I. Stimulants 

Based on a large body of biochemical, behavioral, and physiologic evidence, the ef
fects of stimulants (e.g., D- and L-amphetamine) within catecholaminergic systems can 
be attributed to a single overall action: the enhancement of the synaptic availability 
ofNE or DA through a release and/or block of the reuptake ofthese catecholamines. 
However, a major question remains as to which of the several neuronal systems in 
which the stimulants have actions are most responsible for the psychotomimetic ef
fects of these drugs. The noradrenergic system and the mesolimbic and mesocortical 



102 G. K. AGHAJANIAN 

DA systems have been implicated in the psychotomimetic effects ofo- and L-amphet
amine by virtue of the fact that they affect neuronal activity in these systems to a simi
lar degree and have approximately equal effects in eliciting a paranoid psychosis. On 
the other hand, o-amphetamine, which has much greater activity than the L-isomer 
in the nigrostriatal DA system, can be linked to disturbances in extrapyramidal motor 
functions. However, several caveats should be mentioned. Knowledge about relative 
psychotomimetic potencies ofo- and L-amphetamine is based on clinical studies invol
ving relatively few subjects; ultimately further confirmation will be required. Further
more, even if the nigrostriatal DA system could be ruled out in psychotogenesis, the 
remaining catecholamine pathways (both NE and DA) project so extensively within 
the brain that a multitude of other sites remain to be considered. Thus, much work 
needs to be done to define more precisely which brain systems are most closely in
volved in the psychotomimetic effects of the stimulant drugs. 

II. Deliriants 

As in the case of the stimulants, the central effects of the delirium-inducing 
antimuscarinic drugs can be attributed to a single action: the blockade of cholinergic 
transmission at muscarinic receptors. Moreover, certain of the major cholinergic 
pathways in the brain project to regions whose presumed functions are similar to func
tions that are disturbed in states of delirium. For example, the hippocampus, which 
receives the cholinergic septohippocampal projection, has been implicated in aspects 
of memory and orientation. However, the precise manner in which the cholinergic in
puts modulate hippocampal function is not known. Moreover, the complete delinea
tion of cholinergic systems in the brain has been hampered by the lack of a workable, 
specific histochemical method for mapping. A more complete picture of central cho
linergic pathways will be needed to assess all possible sites at which the antimuscarinic 
drugs could be acting to induce the multiple disturbances seen in delirium. 

III. Psychedelic Drugs 

In contrast to the stimulants and deliriants, the effects of psychedelic drugs cannot as 
yet be attributed to a single action. In fact, at least two different types of mechanisms 
have been hypothesized by which the psychedelic drugs could act. The first can be 
termed the "5-HT disinhibitory" hypothesis, which applies best to LSD and the 
simple indoleamine hallucinogens. According to this hypothesis these hallucinogens, 
by directly inhibiting 5-HT neurons, would release postsynaptic neurons (e.g., in lim
bic or 2° visual areas) from tonic 5-HT influences, allowing hallucinatory and other 
psychedelic phenomena to emerge. However, there are seeming difficulties with the 
disinhibitory hypothesis as a unitary explanation. First, lisuride also appears to in
hibit 5-HT neurons by acting at autoreceptors, yet it is not an hallucinogenic drug. 
Secondly, despite the fact that mescaline and the methoxyamphetamines have psy
chedelic effects that are very similar to those of LSD, they do not act upon 5-HT au
toreceptors. On the other hand, both LSD and mescaline are similar in enhancing the 
responsivitity of noradrenergic neurons to peripheral stimuli. Furthermore, in some 
recent single-cell studies it has been observed that mescaline and LSD do share certain 
facilitatory actions. For example, they both directly sensitize facilitatory 5-HT recep-
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tors found on motoneurons. Thus, the psychedelic drugs can have a facilitatory as well 
as inhibitory and disinhibitory actions on a single-cell level. It remains for future re
search to ascertain the degree to which each of these mechanisms contributes to the 
final common behavioral effects of the two major classes of psychedelic drugs. 
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CHAPTER 6 

Dependence-Producing Liability of LSD 
and Similar Psychotomimetics 
A. D. POLING 1 and 1. B. ApPEL 

A. Introduction: Definition of Drug Dependence 

The WORLD HEALTH ORGANIZATION (1975) has defined dependence as "a state, psy
chic and sometimes also physical, resulting in the interaction between a living organ
ism and a drug, characterized by behavioural and other responses which will always 
include a compulsion to take the drug on a continuous or periodic basis in order to 
experience its psychic effects and sometimes to avoid the discomfort of its absence." 
In behavioral terms, this definition seems to imply that any agent that consistently 
acts as a positive reinforcer, i. e., maintains behavior leading to its delivery, induces 
dependence. If a compound acts as a positive reinforcer and the physiologic syndrome 
of "withdrawal" occurs when the compound is withheld after chronic administration, 
the dependence is termed "physical"; a compound that acts as a positive reinforcer 
and does not produce withdrawal effects causes "psychological" dependence (SCHUS
TER and JOHANSON, 1974). 

An organism that is psychologically dependent upon a drug is not necessarily de
bilitated: some drugs - such as caffeine in our morning coffee and afternoon tea - are 
self-administrated over long periods without obviously deleterious consequences. 
Nevertheless, dependence on many drugs is demonstrably harmful either to the depen
dent individual, to society, or to both, and the understanding and control of depen
dence ("drug abuse") is of worldwide concern. Therefore, the purpose of this section 
is to briefly consider the dependence-producing liability of the psychotomimetic LSD; 
much of what follows also holds true for psychotomimetics that are pharmacologi
cally related to LSD (e. g. mescaline, psilocybin) although not necessarily for other 
psychoactive agents. 

B. Discovery of and Effects of LSD 

The story of the discovery of LSD (D-Iysergic acid diethylamide) in 1939 is well
known. This indole alkaloid (Fig. 1) was initially synthesized by Albert Hofmann 
from the brown protrusions (ergot) formed on rye and certain other grains by the fun
gus C/aviceps purpurea. The discovery was not "accidental" as is sometimes alleged, 
but occurred as part of a systematic investigation of the analeptic and other properties 
of partially synthetic amides oflysergic acid (HOFMANN, 1975). However, Hofmann's 
ingestion of the compound on the afternoon of 6 April 1943 was in fact unplanned. 

1 Presently at the Department of Psychology, Western Michigan University, 
Kalamazoo, MI 49008. 
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Fig. 1. Lysergic acid diethylamide (D-LSD) 

The subjective effects experienced on that occasion led him to take intentionally 
0.25 mg LSD, about five times the normal effective dose (in humans); his description 
of the resultant drug state reads in part as follows (HOFMANN, 1975, p. 114): 

"As far as I remember, the following were the most outstanding symptoms: vertigo; 
visual disturbances; the faces of those around me appeared as grotesque, colored 
masks; marked motoric unrest, alternating with paralysis; an intermittent heavy fee
ling in the head, limbs and the entire body, as if they were filled with lead; dry con
stricted sensation in the throat; feeling of choking; clear recognition of my condition, 
in which state I sometimes observed, in the manner of an independent observer, that 
I shouted half insanely ... Occasionally I felt as if I were out of my body . 

. . . Six hours after ingestion of the LSD my condition had already improved con
siderably. Only the visual disturbances were still pronounced ... At about one o'clock 
(nine hours after taking the drug) I fell asleep and awoke next morning feeling perfect
ly well." 

Following this first planned exposure to LSD, subsequent experiments on humans 
in the Sandoz laboratories confirmed the hallucinatory potency of LSD. A series of 
nonhuman studies designed to explore the other effects and mechanisms of action of 
the drug was also begun. Such research has continued to the present day and consid
erable information concerning the physiologic, pharmacologic, and behavioral effects 
of LSD has been garnered (e. g., ApPEL et aI., to be published; CASHMAN, 1966; HOFFER 
and OSMOND, 1967; SANKAR, 1975). While it is beyond the scope of the present paper 
to even begin to review these effects - one such attempt covers 960 pages (SANKAR, 
1975) - it is worth noting that LSD is a relatively nontoxic drug (i. e., the lethal dose/ 
effective dose ratio is quite low) that probably exerts both central and peripheral ef
fects by altering the functioning of serotonin-containing neurons in a manner not yet 
fully understood. The compound does not produce obvious tissue damage when given 
either chronically or acutely, although LSD-induced chromosomal alterations have 
been reported by some but no means all investigators (see SANKAR, 1975, p. 471ff.). 

In humans and nonhumans alike, tolerance develops rapidly with repeated ex
posure to LSD, but LSD does not cause physical dependence (JAFFEE, 1965; McISAAC 
et aI., 1970). The drug induces some degree of psychological dependence at least in 
humans (see below); certain groups of individuals have self-administrated LSD since 
it was first synthesized in spite (or because) of the fact that governments regularly have 
attempted to control this behavior via legislation. For example, it was estimated in 
1970 that 7,500,000 Americans had tried LSD on at least one occasion (NATIONAL RE
SEARCH COUNCIL ON MARIJUANA AND DRUG ABUSE, 1970); in the United States LSD 



Dependence-Producing Liability of LSD 113 

is a Schedule 1 drug, the unlicensed possession or sale of which is accompanied by se
vere penalties. 

c. Problems in Assessing Dependence-Producing Liability 

I t is not easy to quantify the dependence-producing liability (abuse potential) of LSD 
or, indeed, of other drugs. Part of the difficulty concerns the lack of a satisfactory op
erational definition of "drug dependence". As noted previously, dependence involves 
a "compulsion to take a drug on a continuous basis," but what frequency and time 
course of intake define a compulsion? Thus, investigators often present data gathered 
from human drug users as number of administrations during some arbitrary period 
(e.g., 10% of the subjects took LSD more than 10 but less than 20 times during the 
past year), or as less-than-nominal self-evaluations (e. g., 50% of the subjects took 
LSD "very frequently" during the past year), and leave the issue of dependence to the 
reader. In this manner some consensually validated criterion of dependence (e. g., at 
least one incident of self-administration per week over 1 year) can be selected and ap
plied to the reported data and a relative index of dependence-producing liability can 
be obtained from actuarial statistics (by calculating the number of individuals who 
have taken the drug on at least one occasion and dividing this by the number of in
dividuals who are dependent upon the drug). The higher the resultant ratio, the 
greater the dependence-producing liability of the substance in question. 

While this approach to measuring relative dependence-producing liability is fine 
in theory, it is difficult to use successfully in practice, first of all because such use rests 
upon the dubious assumption that a single index can categorize meaningfully com
pounds that differ widely in potency, behavioral effects, and characteristic patterns 
of self-administration. Further, acquiring reliable data from (or about) human drug 
users poses a major problem. In most countries the possession of LSD and other 
abused substances is illegal, and subjects may be unwilling to report illegal experi
ences; on the other hand, individuals who perceive themselves as members of drug
using subcultures may exaggerate the extent of their involvement with certain com
pounds that are, at least momentarily, "in." Moreover, the true identity of illicit drugs 
may not be known by their users (or sellers); "street" LSD can be any of a number 
of substances. Finally, there is a problem in choosing an appropriate sample of sub
jects. As will be discussed subsequently, drug dependence reflects social as well as 
pharmacologic factors. Therefore, it is misleading to speak of the potential of a drug 
for producing psychological dependence without specifying the group of individuals 
under consideration; statements about the dependence-producing liability of LSD 
and other drugs derived from data involving both one-time and repeated users are, 
at best, of limited value. 

For all of these and, no doubt, many other reasons, researchers have attempted 
to devise animal models for assessing dependence-producing liability (e. g., SCHUSTER 
and THOMPSON, 1969). These models have been used to evaluate a given drug's ability 
to produce both physical or psychological dependence, although primary emphasis 
has been directed toward the former. Tests for physical-dependence liability involve 
exposing rodents or other animals to a chronic drug regimen, terminating the regimen, 
then determining whether physiologic or behavioral signs of withdrawal appear. In 
such tests there is no evidence that LSD produces physical dependence. 
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Nonhuman procedures for evaluating dependence-producing liability usually in
volve as a first step a demonstration that the compound acts as a positive reinforcer 
under at least one set of conditions. If so the drug, by definition, produces psycholog
ical dependence, although further manipulations may be needed to evaluate the drug's 
efficacy in so doing. In general, those classes of drugs that are abused by humans serve 
as positive reinforcers for rats and monkeys; a partial listing of such compounds in
cludes ethanol, L1 9THC, nicotine, phencyclidine, cocaine, barbiturates, opiates, and 
amphetamines (POLING and ApPEL, 1979; THOMPSON and PICKENS, 1970). Notably 
lacking from the list is LSD, which to the best of our knowledge has never been dem
onstrated to serve as positive reinforcer for nunhumans and in actuality has been 
shown to function as a negative reinforcer (HOFFMEISTER, 1975; HOFFMEISTER and 
WUTTKE, 1973). This suggests that the pharmacologic properties of the compound are 
aversive to animals other than man, although it is possible that the drug might be es
tablished as a positive reinforcer for nunhuman species under certain, presently un
known, circumstances. In any case, animal models do not predict any dependence
producing liability of LSD. The finding that nonhumans do not self-administer the 
drug suggests that uniquely human, social factors may be of primary importance in 
determining its consumption by humans. 

D. Social Factors and the Dependence-Producing Liability of LSD 

By social factors, we mean the contingencies that a group arranges for its members; 
i. e., the consequences that are made to follow actions such as drug-taking. The social 
environment determines in part the history of an individual, as well as the events that 
occur immediately before, during, and after a drug experience; it has been convinc
ingly demonstrated within and outside the laboratory that both past experience and 
current circumstances exert powerful control over drug-taking behavior (e. g., HARRIS 
et aI., 1970; WEEKS, 1975; THOMPSON and PICKENS, 1970; POLING and ApPEL, 1979). 
For example, a drug may be self-administered in order to avoid an aversive conse
quence, e. g., electric shock in the laboratory and social ostracism in society, or to gain 
access to a reward, e. g., food or social interaction. Although drug taking in this sense 
is an operant response maintained by nondrug stimuli, repeated pairings of a drug 
state with positive consequences may serve to establish the drug as a positive (condi
tioned) reinforcer such that drug-taking behavior is maintained by the drug alone. 
Further, in practice it matters little and is seldom possible to tell whether drug intake 
is controlled by the direct pharmacologic effects produced by a substance, by social 
variables, or, as is usually the case, by some combination of pharmacologic and social 
factors. 

In any event, LSD self-administration traditionally has been associated with a so
cial movement. In the eastern part of the United States, such a movement was initiated 
(or reawakened from relative quiescence) by Timothy Leary and associates during the 
late 1950s (LEARY, 1968). The incidence of LSD use spread among hippies during the 
following decade, and seemed to reach a peak on the West Coast in the late 1960s. 
Although reliable figures are difficult to obtain (see above), the relative frequency of 
LSD use in America reportedly has decreased since that time (SANKAR, 1975, p. 
277ff.), perhaps due to the fragmentation or reorientation of the social groups that 
once supported its use and the increased popularity of other substances, such as mari
juana and, more recently, phencyclidine (PCP). 
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E. Summary and Conclusions 

Even during the height of LSD's popularity, it is generally accepted that, with some 
notable exceptions, few individuals ingested LSD on a regular basis (WILLIS, 1970); 
the predominant pattern of LSD intake seemingly involves a relatively small number 
of exposures (often, one) over a brief span of time, followed by complete or nearly 
complete abstinence. This suggests that the dependence-producing liability of LSD is 
lower than that of other commonly abused substances (e. g., ethanol, opiates, barbi
turates, amphetamines) which, unlike LSD, regularly maintain a great deal of drug
seeking and drug-taking behavior even in animals. This conclusion is strengthened by 
the absence of programs and procedures specifically designed to treat LSD depen
dence; interest has centered on dealing with the effects of acute, not chronic, exposure 
to LSD. 

However, it must be emphasized that some persons, particularly those involved 
with groups that condone and support illicit drug use, have taken LSD on a regular 
basis for several years (e. g., LEARY, 1968; WILLIS, 1974), and it is not possible to quan
tify the dependence-producing liability of LSD among such persons. Further, even if 
the dependence-producing liability of the substance is low, as it seems to be, this is 
in no sense tantamount to saying that LSD is a safe compound. LSD is extremely po
tent and its effects are striking and potentially dangerous. For example, WILLIS (1974) 
notes that adverse reactions to the drug are common and may involve an acute psy
chotic reaction characterized by thought disturbance, delusion, and perceptual distur
bances; a chronic condition characterized by high anxiety and depression; or chronic 
and severe feelings of unreality and depersonalization. Each of these conditions can 
be decidedly unpleasant, and may also be associated with the emission of behaviors 
that are dangerous to the affected individual and to those around him. Thus, LSD 
may be "behaviorally toxic." This is true not only when the compound produces ad
verse effects, but also when the usual hallucinogenic effects occur: an individual who 
is hallucinating may be rendered incapable of safely perfoming a variety of acts, such 
as driving a car, yet may attempt to do so - with potentially tragic results. 

Nonetheless, it has been argued that exposure to LSD under certain conditions, 
which mayor may not prevent the occurence of harmful overt acts, can be beneficial: 
the drug, for instance, has been claimed to be useful for inducing "religious" experi
ences, and as an adjunct to psychotherapy (SANKAR, 1975, p. 651ft). Despite the mass 
of data collected, debate continues among laymen and professionals alike over the le
gitimacy of such claims; we expect that such debates will not soon end. 
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CHAPTER 7 

Chemistry of Cannabis 

R. MECHOULAM 

A. Introduction 

The aim of this chapter is to present a short summary of cannabinoid 1 chemistry with 
emphasis on those aspects which have pharmacological relevance. A comprehensive 
chemical review is beyond the scope of this handbook. Since 1964, when the active 
principle of cannabis, .1 I-tetrahydrocannabinol (.1 1_ THC), was identified (GAONI and 
MECHOULAM, 1964a), nearly 5,000 scientific articles on cannabis, .1 I-THe and other 
cannabinoids have appeared; approximately 1,000 of these articles are chemically ori
ented. For this reason alone the present review will have to be selective. 

The only natural source of cannabinoids is the dioecious plant Cannabis sativa. 
Both male and female plants produce cannabinoids, in approximately equal concen
trations. Botanists recognize numerous "chemotypes" of C. sativa, which differ main
ly in the ratio of the cannabinoids present in them. Usually chemotypes growing in 
Mexico, Lebanon, India, Indochina and Africa contain considerable amounts of .1 1_ 

THe, which in the pure resin (hashish, chagas) may vary between 3% and 10%. The 
total dried tops (in the Americas called "marihuana") contains ca. 0.5%-1 % .1 1_ 

THe. The chemotypes grown in colder climates generally have low amounts of .1 1_ 

THe. The differences seem to depend on genetic, climatic and ecological factors. 
Some chemotypes lack certain constituents. For example, South African C. sativa, the 
source of dagga, does not contain cannabidiol (eBD), which is the major neutral can
nabinoid in Lebanese hashish (for a recent review on the pharmacognosy of cannabis, 
see FAIRBAIRN, 1976). 

Two numbering systems for the cannabinoids are in use today. In one of them the 
formal chemical rules for numbering of pyran type of compounds are used. This sys
tem is used by Chemical Abstracts. The second nomenclature has a biogenetic basis; 
the cannabinoids are regarded as substituted monoterpenoids. The latter system is 
used in the present review. 

The vast literature on cannabis and cannabinoids has been the object of several 
books, reviews and annotated bibliographies. The chemistry, pharmacology, metabo
lism and clinical effects have been reviewed in two books (MECHOULAM, 1973; NAHAS, 

1972). In the first of these considerable emphasis is placed on the chemical aspects, 
including structure-activity relationships; it has since been updated (chemistry: 
MECHOULAM et aI., 1967; pharmacology: PATON, 1975). The chemistry of cannabis has 
also been reviewed by RAZDAN, 1973. The analytical problems in this field are discuss-

1 The term "cannabinoids" was introduced (MECHOULAM and GAONI, 1967 a) to embrace the 
group of C2.1 compounds characteristically present in Cannabis sativa, their carboxylic acids, 
analogues, homologues and transformation products 
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ed in a book published by the U.S. National Institute for Drug Abuse (WILLETTE, 
1976). A chapter in the book of LEMBERGER and RUBIN, 1976 and several in those of 
BRAUDE and SZARA, 1976 and NAHAS, 1976 are devoted to cannabinoid metabolism. 
The medicinal chemistry aspects of cannabinoids, both natural and synthetic, have 
been reviewed (COHEN and STILLMAN, 1976; ARCHER, 1974; MECHOULAM and CAR
LINI, 1978; BHARGAVA, 1978). An annotated bibliography covering the years 1964 to 
1974 has been published (WALLER et aI., 1976). Work on this valuable bibliographic 
tool is continuing and further volumes are expected. 

B. Naturally Occurring Cannabinoids 

I. Isolation and Structure 
The early attempts to isolate the natural cannabinoids was by fractional distillation 
or crystallization. Both methods failed as cannabinoids generally boil within the same 
temperature range (ca. 155°C 0.05 mm) and are mostly oily materials which are dif
ficult to crystallize. The advent of chromatography bypassed cannabinoid chemistry 
by nearly 30 years and it was only in the 1960s that serious attempts to separate the 
constituents of marihuana and hashish were recorded. Up till 1964 only two (or pos
sibly three) components had been isolated in pure form. The structure of only one 
compound, cannabinol (CBN) had been established. The pure constituents isolated 
did not include compounds with psychotropic activity. An impure mixture apparently 
containing a high percentage of what was later recognized to be Ll1-THC was isolated 
in 1942 (WOLLNER et aI., 1942). Work reported by several groups since 1964 has led 
to the isolation of numerous new cannabinoids which today number 56. The structure 
of these was determined mainly by the use of physical methods such as mass spectrom
etry and nuclear magnetic resonance. Figure 1 presents the structures of the predo
minant natural cannabinoids with references to the original reports of their isolation 
or structure elucidation. 

Most natural cannabinoids belong to several basic structural types: THC (includ
ing CBN), cannabigerol, CBD, cannabichromene, cannabicyclol and cannabielsoin. 
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.a I-Tetrahydrocannabinol 
(.al-THC, also named .a9-THC) 
(GAONI and MECHOULAM, 1964a) 

Cannabinol (CBN) 
(ADAMS et aI., 1940) 

Cannabichromene 
(CLAUSSEN et aI., 1966; 
GAONI and MECHOULAM, 1966) 

R" 
.al-THC acid A 

R' = COOH, R" = H 
(KORTE et aI., 1965) 
.al-THC acid B 

R' = H, R" = COOH 
(MECHOULAM et aI., 1969) 

Cannabidiol (CBD) 
(MECHOULAM and 
SHvo,1963) 

Cannabicyclol 
(CROMBIE et aI., 1968) 

Fig. I. Representative natural cannabinoids 

.a6-THC 
(also named .as-THC) 

(HIVELY et aI., 1966) 

Cannabigerol 
(GAONI and 
MECHOULAM, 1964b) 

Cannabielsoic acid A 
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(SHANI and MECHOULAM, 1974) 

Additional, usually very minor constituents belonging to related structural types have 
been shown to be present. They include cannabicitran (BERCHT et aI., 1974), cannabi
triol (CHAN et aI., 1976), cannabichromanons (GROTTE and SPlTELLER, 1978) and a di
meric cannabinoid (SPULAK et aI., 1968). The variations on the basic types are stan
dard: a carboxyl group on the phenolic ring (e.g. A1-THC acid A, A1-THC acid B); 
a methyl, propyl or butyl side chain replacing the pentyl one or dehydrogenation of 
the terpene moiety to an aromatic ring (e.g. CBN). 

The cannabinoids in the growing plant are present mostly, or exclusively, as the 
pharmacologically inactive acids (i.e. At-THC acids A and B rather than A1-THC). 
However, during the preparation of the illegal materials - hashish, chagas or even 
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marihuana - partial decarboxylation takes place leading to the neutral cannabinoids, 
including the active ,11-THe. 

Most natural cannabinoids have at least two chiral centres - at C3 and C4 . The 
absolute configuration at these centres was determined by MECHOULAM and GAONI, 
1967b for ,11-THC (3R, 4R) and CBD (3S, 4R) by correlation with a terpene with 
a known absolute stereochemistry. The structures in Fig. 1 are given with the correct 
absolute stereochemistry, whenever it has been established. 

In addition to cannabinoids, numerous terpenes, phenolic compounds, alkaloids, 
flavonoids and other natural products have been isolated from C. sativa (MECHOU
LAM, 1973; TURNER et aI., 1976; EL-FERALY et aI., 1977; SEGELMAN et aI., 1978). These 
non-cannabinoids do not seem to contribute to the typical cannabis-type activity. 
However, this point needs further substantiation. 

Early work on cannabis claimed that the activity was due to a mixture of (uniden
tified) isomers. With the identification of most major constituents it was conclusively 
shown (GAONI and MECHOULAM, 1964 a) that only one major THC isomer is present, 
namely ,11_ THC, with a second one, ,16_ THC, being a minor constituent. On the basis 
of a detailed comparison of the activities of several cannabinoids versus a synthetic 
mixture it was concluded that, in the particular monkey test used, ,11-THC was the 
only pharmacologically active cannabinoid (MECHOULAM et aI., 1970). However, later 
reports have brought evidence that in rodent tests ,11_ THC cannot always account for 
all the activity (KARNIOL and CARLINI, 1972). Whatever should be the chemical basis 
for these observations (synergism or additional active constituents) and its possible 
relevance to cannabis activity in humans, further research is urgently needed to clarify 
this important point. 

II. Chemical Properties 

In this section I propose to discuss only those characteristics of the cannabinoids 
which seem to be relevant to pharmacology and to reluctantly disregard the fascinat
ing pure chemistry of some of these compounds. 

The cannabinoids are lipid soluble compounds which are practically non-soluble 
in water. The octanol water partition coefficient of ,11_ THC was reported to be ofthe 
order of 6,000 (GILL and JONES, 1972). For administration to animals, therefore, it is 
always necessary to use a non-aqueous solvent or to add a dispersing agent. The most 
commonly used vehicles have been olive oil (given intraperitoneally), polyethylene 
glycol or Tween 80-saline given by any route. Dimethyl formamide, dimethylsul
phoxide, gum arabic, serum albumin and polyvinylpyrrolidone have also been em
ployed. The suspensions prepared by dissolving the cannabinoid in a dispersing agent 
and diluted with water are not stable and should be used shortly after preparation. 
However, solutions of cannabinoids in ethanol kept at 0 °C in the dark are stable for 
months or years. 

Neither CBD, which has two phenolic groups, nor ,11_ THC, which has one such 
group, are soluble in dilute base. The pKa' value of ,11-THC has been shown to be 
10.6 (GARRETT and HUNT, 1974). This paper also gives detailed information on solu
bility, partitioning and stability of ,11-THC. 

,11_ THC is very susceptible to oxidation. On exposure to air it slowly converts into 
CBN. This is due to the lability of the C3 hydrogen, which is both allylic and benzylic. 
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.d 6-THC is considerably more stable and needs very strong oxidation conditions for 
dehydrogenation to CBN. As .d 6-THC is active in essentially all animal models used 
for .d 1-THC testing it is convenient to employ the .d 6 isomer for preliminary work. 

CBD is easily oxidized, in the presence of base, to coloured quinonic compounds 
(MECHOULAM et aI., 1968). In the crystal form or in ethanolic solution it is, however, 
quite stable. The same applies for cannabigerol. Little is known about the susceptibil
ity to oxidation of the other cannabinoids. However, in view of the presence of 
phenolic groups some oxidation on the aromatic rings is to be expected. Allylic oxi
dation is also possible. Some of the cannabinoids (especially those present in illegal 
preparations) may in fact be artefacts formed on oxidation. Thus cannabichromene 
(which has no optical activity, a feature associated with enzymatic synthesis) may be 
formed by oxidation of cannabigerol followed by cyclization. 

Most cannabinoids are stable to heat in the absence of air. Thus the neutral can
nabinoids can be distilled at up to 200°C (at a reduced pressure) or analysed by gas 
chromatography at 250°C. However, the cannabinoid acids undergo decarboxylation 
at ca. 120 °-150 DC. Therefore on smoking (but not on oral consumption), the amount 
of available neutral cannabinoids including THC is potentially higher than in the 
crude material. One has, however, to take into account that on smoking, only ca. 
20%-25% of the neutral cannabinoids (including those formed on decarboxylation) 
enter the body; the rest is burned or lost. SPRONG and SALEMINK, 1978 have investi
gated the reactions taking place on pyrolysis (a smoking model). Most of these involve 
cleavage of the molecule followed by further modifications leading to non-active 
molecules. In several cases modifications of the cannabinoid molecule take place. The 
cleavage and transformation products seem to be inactive, but at present limited phar
macological work on these products has been reported. The quantitative aspects of 
these transformations are not clear; the impression is that while .d 1-THC is relatively 
stable, giving some CBN on smoking, CBD is cleaved or cyclized (possibly partly to 
.d 1-THC) or oxidized (to cannabielsoin-type products) with relative ease. 

In the presence of acids many cannabinoids undergo transformations (MECHOU
LAM, 1973) . .d 1_ THC with strong acids is easily isomerized into .d 6_ THC. CBD is con
verted by boron trifluoride into .d 1-THC, accompanied by .dB-iso-THC; with p
toluene sulphonic acid it gives .d 6_ THC in essentially quantitative yield (Fig. 2). Can
nabigerol and cannabichromene undergo complicated cyclizations. However, .d 6_ 

THC and cannabicyclol are relatively stable. In the presence of water or alcohols and 
mineral acids, additions to the double bonds may occur (MECHOULAM 1973; GARRETT 
and TSAu, 1974). Are the cannabinoids stable in the acid milieu of the stomach? There 
is indirect evidence, based on the activity of orally administered .d 1_ THC, that to a 
large extent no major changes occur. However, one can expect some isomerization to 
.d 6 -TH C, or possibly additions to the double bond. The oral activity of CBD (in anti
epileptic studies) and lack of psychotropic effects indicate that it is not transformed 
to .d 1 or .d 6-THC in the stomach. However, direct experimental evidence is needed. 

The cannabinoids are photolabile compounds. CBD can cyclize to.d 1_ THC or iso
cannabinoids (SHANI and MECHOULAM, 1971). This reaction may have biogenetic sig
nificance. It has recently been reported that when a growing cannabis plant is exposed 
the sunlight it contains more .d 1-THC and less cannabichromene than a non-irradi
ated plant (VALLE et aI., 1978; this observation contradicts previous results, FAIR
BAIRN and LIEBMAN, 1974). CBD can also undergo reduction of the .dB double bond 
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- + 

Fig.2. Some transformations of cannabinoids in acids 

or addition of solvent to the aromatic ring. In the presence of oxygen, reactions lead
ing to cannabielsoic-type compounds are observed (SHAN! and MECHOULAM, 1974). 
No detailed work on L11-THC has been reported, but one can expect addition 
reactions as well as dimerizations through the aromatic ring. 

The psychoactive cannabinoids may be classified as partial anaesthetics producing 
the same perturbation of the membrane structure as that caused by sub-anaesthetic 
doses of general anaesthetics (LAWRENCE and GILL, 1975). This was determined by es
timation of the degree of disorder of the hydrocarbon chain in phospholipid lipo
somes. Introduction of various cannabinoids altered the order parameters within the 
hydrophobic core of the liposome, and the change in this factor correlated qualitative
ly with psychotropic potency. 

Cannabinoids bind to serum proteins (W AHLQVIST et aI., 1970). Albumin appears 
to bind L11_ THC much less avidly than a-lipoprotein, which in turn shows a slightly 
reduced avidity compared to p-lipoprotein (MCCALLUM and EASTWOOD, 1978). L11_ 
THC binds to glass or membranes (GARRETT and HUNT, 1974) and the possibility that 
there is competition by these surfaces for L11_ THC during in vitro experiments cannot 
be ignored. 

Ill. Syntheses 

It is beyond the scope ofthis review to describe all the synthetic routes used to prepare 
the various natural cannabinoids. These have been reviewed in considerable detail 
(MECHOULAM, 1973; MECHOULAM et aI., 1976). It should be pointed out that facile syn
theses for most cannabinoids are available. L11_ THC can be prepared in high yield and 
with high stereospecificty by several methods. The ones generally employed are pre
sented in Fig. 3. They are based on condensation of a suitable monoterpene with 
olivetol (5-penthylresorcinol) to yield L1 6_ THC which can easily be converted into L11_ 
THC. RAZDAN et aI., 1974 have found that the Petrzilka synthesis can be improved 
to yield directly L11_ THC if magnesium sulphate is added to the reaction mixture. 
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~ + H~,HU _ O'-THC _2_s_te-lp~~ ALTHC 

("'COO,: "'~~196/ 
OH HO 

I + Q-c,HU 
HO 

(PETRZILKA et aI., 1969) 

Fig. 3. Some syntheses of A1-THC 
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( + )-A 1_ THC can be obtained from the synthesis based on verbenol (MEcHouLAM 
et aI., 1972) as the latter compound is obtainable in both ( + ) and ( - ) forms. The ( + ) 
(unnatural) cannabinoids are of importance as control compounds in pharmacolog
ical and biochemical work in order to ascertain that effects observed with natural ( - ) 
cannabinoids are specific and are not due to the generalliposolubility of this group 
of compounds. 

The above syntheses have been employed for the preparation of labelled material. 
BURSTEIN, 1973 has presented a list of methods used for this purpose. More recent de
velopments are a detailed report on the syntheses of numerous labelled cannabinoids 
(PITT et aI., 1975), the syntheses oflabelled cannabinoid acids (SHOYAMA et aI., 1978) 
and the publication of the method ofHoELLINGERet aI., 1977 leading to Al-THC with 
a specific activity of 50 Ci/mmol. 

C. Structure-Activity Relationships (SARs) 

These relationships, mainly as regards the typical cannabis activity, have been sur
veyed previously (MECHOULAM, 1973; MECHOULAM et aI., 1976). These data, together 
with newly published results, can be summarized as follows: 

1) A tricyclic (preferably benzopyran)-type structure with a hydroxyl group at the 
3' aromatic position and an alkyl group on the 5' aromatic position seems to be a 
requirement. Opening of the pyran ring leads to loss of activity. 
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2) The phenolic group has to be free. Blocking of this group as an ether causes 
complete inactivation while esterfication does not, probably because esters can be hy
drolysed in the body. 

3) Electronegative groups (such as carboxyl, carbomethoxyl or acetyl) on the ar
omatic ring eliminate activity. Alkyl groups on the C-4' aromatic position cause no 
change in activity, while such a substitution on C-6' eliminates activity. 

4) The minimal C-5' alkyl side chain seems to be a pentyl one (though little work 
has been reported on the propyl and butyl homologues). The side chains leading to 
highest activity apparently are 1,1 or 1,2-dimethyl heptyl or the recently discovered 
I-methyl-4-(p-flurophenyl)-butyl groups (PARS et aI., 1977). 

5) Not all the theoretically possible THCs are active. Thus ,d1_ and ,d6-THC are 
active in the 3 R, 4R series only; ,ds-THC and ,d7-THC are inactive; ,d3-THC is active; 
,d1-3,4-cis-THC is inactive. 

6) Monohydroxylation on the C-7 methyl group, in either ,d1_ or ,d6_ THC, the C-6 
position on ,dt-THC, or on the C-2", C-3", C-4" or C-5" position of the side chain 
leads to active compounds; C-l"-hydroxy-,d6-THC is, however, inactive. Hydroxyl
ation of the C-9 methyl group in ,d1-THC also gives an active compound. 

7) In the hexahydrocannabinol series the methyl group (or hydroxymethyl group) 
on C-l has to be equatorial, i.e. essentially in the same plane as the phenolic hydroxyl. 
The axial methyl isomer is much less active. 

8) The terpenoid and pyran rings may be modified considerably. These modifi
cations do not seem to follow a regular pattern, and even tentative rules cannot yet 
be put forward. 

Detailed SAR studies of synthetic N-containing cannabinoids as regards various 
pharmaceutically important parameters have been published (PARS et aI., 1977; RAZ
DAN et aI., 1976b). 

Several cannabinoids have shown considerable clinical promise (for recent reviews 
see MECHOULAM and CARLINI, 1978; BHARGAVA, 1978). ,d1-THC in humans exhibits 
anti-asthma, analgetic, antiglaucoma, antihypertensive and anti-emetic properties. 
The analgetic, antiglaucoma and antihypertensive effects cannot be exploited due to 
the CNS side-effects. However, they can serve as synthetic leads. The anti-asthma ef
fect is observed at doses considerably lower than those at which CNS effects are pre
sent (HARTLEY et aI., 1978). Further clinical work is certainly warranted. The most 
promising results are in the use of ,dl_ THC as an anti-emetic drug during cancer che
motherapy or irradiation therapy. Repeated vomiting is a serious side-effect of such 
therapy and it is not always improved by existing anti-emetic drugs during cancer che
motherapy or irradiation therapy. Oral administration of ,d1-THC, ca. 2 h before the 
anticancer treatment prevents vomiting in most cases (SALLAN et aI., 1975). 

In a double-blind study CBD was given (at 200 mg daily doses for 3 months) to 
epileptics with uncontrolled secondary generalized epilepsy with temporal foci. Very 
significant improvement was noticed (CUNHA et aI., 1980). Further research is indi
cated. It is of interest that a close spatial structural relationship exists between CBD 
and the anti-epileptic drug phenytoin. In addition, in each of these compounds the dis
tance between their two electron donating groups is almost the same. It seems possible 
that the two compounds act on the same, or a similar, receptor (TAMIR et aI., 1980). 

The synthetic cannabinoid, nabilone, developed by the American firm Ely Lilly, 
is being clinically tested mainly as an anti-emetic in cancer chemotherapy and as an 
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anti-anxiety agent (HERMAN et aI., 1977; NAKANO et aI., 1978). Nabilone is apparently 
not as good a tranquillizer as diazepam; however, it seems to be a good anti-emetic 
agent. 

Clinical trials with the nitrogen-containing cannabinoid shown below have dem
onstrated its effectiveness as an analgetic (ca. ten times more active than codeine); 
however, the side-effects observed make it a poor candidate for further work in man 
(STAQUET et aI., 1978). 

o 

Nabilone 

D. Cannabinoid Analysis 

OCO(CH2hNJ. HC! 

,p' 

The identification of crude cannabis is routine in forensic laboratories. It is usually 
done by a combination of colour tests (Duquenois, Beam etc.) and chromatographic 
ones [thin layer chromatography (TLC), gas chromatography (GC) etc.]. These have 
been reviewed in detail elsewhere (MECHOULAM, 1973; MECHOULAM et aI., 1976; 
CROMBIE, 1976). A problem which has not yet found a fully satisfactory solution is 
the analysis of cannabinoids in body fluids, in particular urine. The main reasons for 
this difficulty are the low amounts usually consumed by man and the extensive rapid 
metabolism (VINSON, 1979). 

The most widely used method for detecting cannabinoids on TLC is by spraying 
with a feshly prepared solution of di-o-anisidine tetrazolium chloride (fast blue salt 
B), which offers both excellent sensitivity of detection (to approximately 50 ng) and 
different colour reactions for different components. 

By the fluorescent method of FORREST et aI., 1971, in which the cannabinoids are 
converted to I-dimethyl-aminoaphthalene sulphonates, cannabinoids may be de
tected on TLC down to levels of 0.5 ng. VINSON et aI., 1977 have developed on alter
native facile fluorescent method. 

Gas chromatography is the method of choice for rapid qualitative and quantita
tive identifications. A large variety of stationary phases have been found to provide 
excellent separations of the cannabinoids on packed columns, and the use of capillary 
columns has been found to improve separations considerably (NOVOTNY and LEE, 
1973; GROTTE and SPITELLER, 1978). Flame ionization detection, normally used with 
GLC, gives a maximum sensitivity of approximately 50 ng. The formation of 
trimethylsilyl derivatives increases the maximum sensitivity of detection to about 
10 ng. 

The use of electron capture detection for suitably derivatized cannabinoids has im
proved detection sensitivity. SCHOU et aI., 1971 report that the use of chloroacetyl de
rivatives gives maximum sensitivity of approximately 0.04 ng and have applied this 
method ot urinalysis. GARRETT and HUNT, 1973 demonstrate a maximum sensitivity 
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of detection of approximately 5 pg for LJl_ THC pentafluorobenzoate, whereas 1 pg 
LJl_ THC heptafluorobutyrate can be detected when a capillary column and low vol
ume coaxial electron capture detector are used (FENIMORE et a1., 1973). 

To overcome the necessity of purification, MCCALLUM et a1., 1978 have developed 
a method involving GLC with flame ionization detection of cannabinoid phosphate 
esters. This method has a sensitivity of 0.5 ng/ml of whole blood. The detection is so 
specific that preliminary clean-up procedures are unnecessary. 

High pressure liquid chromatographic (HPLC) methods for the separation of can
nabinoids have been developed (SMITH and VAUGHAN, 1976; KNAUS et a1., 1976; GAR
RETT and HUNT, 1977). 

Mass spectrometry (MS) is widely employed in cannabis analysis. AGURELL et a1., 
1973 report that a preliminary purification of the extract from human plasma by chro
matography on Sephadex LH-20 provides adequate clean-up for subsequent quantifi
cation of the LJl_ THC by mass fragmentometry. Their method has been found suitable 
for measuring LJl-THC down to levels of 0.3 ng/ml when fragmentograms of the 299 
and 314 mass fragments (at 50 eV) are used. Improvements of this method have been 
reported by ROSENFELD, 1977. A facile GLC-MS method has been described by 
ROSENTHAL et a1., 1978. 

A number of laboratories have developed immunoassay methods. TEALE et a1., 
1975, GROSS and SOARES, 1978 and others (see WILLETTE, 1976) have reported prac
tical procedures. Recently a combined HPLC-radio-immunoassay was described 
(WILLIAMS et a1., 1978) which is capable of quantifying 0.1 ng of a cannabinoid in I ml 
plasma. CAIS et a1., 1975 have developed a free radical immunoassay (comparable to 
the one available for morphine). 

E. Cannabinoid Metabolites * 
Early in 1970 several groups almost simultaneously identified the major primary route 
of cannabinoid metabolism - hydroxylation at the allylic C7 position (BURSTEIN et a1., 
1970; BEN-ZVI et a1., 1970; NILSSON et a1., 1970; WALL et a1., 1970; FOLTZ et a1., 1970). 
Intensive ongoing work by several groups, mainly in Sweden, United States, Israel 
and the United Kingdom, has shown that LJl-THC, LJ6-THC, CBD and CBN are hy
droxylated (or oxygenated) by many animal species, including man, at most allylic po
sitions as well as on the side chain. The relevant positions are indicated by arrows in 
Fig. 4. 

A further minor primary route (which apparently takes place only very early after 
administration of the drug) is dehydrogenation of LJl-THC and LJ6-THC to CBN 
(MCCALLUM et a1., 1977). It is usually accompanied by further hydroxylation. Meta
bolic reduction of the LJl double bond has been recorded (HARVEY et a1., 1977a). 
Epoxidation of this double bond has also been observed. 

The monohydroxylated products can undergo further hydroxylations as well as 
oxidations to the corresponding 7-oic acids. The side chain can also be cleaved and 
oxidized giving mono- or polycarboxylic acids. Recent publications identifying nu
merous new metabolites (generally along the above-described pathway) are those by 

* Due to the large number of publications on metabolism and metabolites in this area, most 
of the pre-1976 work is not given in any detail or referenced. The reader should consult the 
reviews cited in the introduction for full coverage 
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Fig.4. Positions of phase I oxidations in cannabinoid metabolism 
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Fig. S. Examples of phase I cannabinoid metabolites 

HARVEY et aI., 1977b; MARTIN et aI., 1976, and MARTIN et aI., 1977. Some canna
binoid metabolites, excluding conjugates, are given in Fig. 5. It should be pointed out 
that considerable metabolic species specificity exists, although the general pathways 
apparently are similar. 

As already mentioned in Sect. C, most monohydroxy1ated (or mono-oxygenated) 
THC metabolites are pharmacologically active. It is still a question of heated dis-
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Fig.6. Examples of phase II cannabinoid metabolites 
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cussion whether these metabolites (in particular 7-hydroxy-Lll-THC) represent the ac
tive species in the body or even contribute to the activity observed (see LEMBERGER, 
1976; WALL et aI., 1976; MARTIN et aI., 1978). 

Two types of secondary metabolites have been identified. The first are esters offat
ty acids with cannabinoids or primary metabolites of cannabinoids (LEIGHTY et aI., 
1967; YISAK et aI., 1978). These compounds are less polar than the natural canna
binoids. A second, much more abundant type of secondary metabolites are the glu
curonides of cannabinoids. HARVEY et aI., 1977b observed the in vivo formation of 
O-glucuronides ofCBD and CBN in mice liver. Suprisingly, Ll6_ and Lll-THC gave on
ly traces of such metabolites. O-Glucuronides ofCBN, CBD, Lll-THC and Ll 6-THC 
as well as of7-hydroxy-Lll-THC and 5'-hydroxy Lll-THC have been obtained in vitro 
by enzymatic catalysis (LYLE et aI., 1977; PALLANTE et aI., 1978). Under slightly dif
ferent in vitro conditions the unusual C-glucuronide of Ll6_ THC is formed (YAGEN et 
aI., 1977). This Ll 6-THC C-glucuronide is also formed in vivo in rat liver (LEVY et aI., 
1978). It is as yet unknown whether the C-glucuronides form a significant portion of 
the water soluble cannabinoids which represent ca. 75% of the cannabinoid excretion 
products in urine. It should be pointed out, however, that in man only ca. 10% of the 
cannabinoid excretion is by this route. The rest is through the faeces (WALL et aI., 
1976). In Fig.6 some representatives of metabolic cannabinoid esters and glu
curonides are given. 

F. Concluding Remarks 

In the last 15 years cannabinoid chemistry has reached maturity. Most natural canna
binoids have been isolated and their structures elucidated, syntheses are available and 
analytical methods have been developed. The basic primary metabolic patterns ap
parently are known. The secondary metabolism is still, however, partly unexplored 
territory. 

I believe that now the trend is towards development of new drugs based on the 
cannabinoid nucleus. It has been shown that separation between the various activities 
is possible. We may look forward to new analgetic, anti-emetic, antiglaucoma, anti
asthma and anti-epileptic compounds which cause little or no THC-type effects. 
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CHAPTER 8 

Pharmacology and Toxicology of Cannabis 
H. COPER 

A. Introduction 
The chemistry, pharmacology, and toxicology of cannabis were described in details 
in the Handbook of Experimental Pharmacology, Vol. 54/2 (1977). The purpose of 
this article is not to repeat that information, but to supplement it and present other 
points of view, as well as to summarize new aspects, e. g., the interaction of cannabis 
with other drugs. In addition, attempts to provide explanations for certain phenom
ena that cannot be definitely interpreted owing to contradictory findings (mostly re
SUlting from the diverse methodologies used) are perhaps not only of heuristic value. 

The history, epidemiology, and chemistry of cannabinoids were also treated in the 
aformentioned handbook and consequently will not be discussed here. Rather, this 
article will focus on the pharmacokinetic and pharmacodynamic effects of cannabis 
and cannabinoids, aspects of tolerance, and the interaction of these substances with 
other drugs. 

B. Pharmacokinetic Effects 

I. Absorption 

It may be considered as proven that cannabinoids are absorbed rapidly and easily and 
that the onset of the effect of equivalent doses is greater in inhaling than after oral 
application. Inadequate attention was drawn to the finding that the vehicle in which 
A-9-tetrahydrocannabinol (THC) is administered has a significant influence on the 
kinetics and also on the effectivity of the drug. 

AGURELL et al. (1969), for example, injected 3H-labeled THC into rats in a 10% 
sesame oil-saline emulsion (1:9) and found an elimination of less than 50% of the 
radioactivity within 1 week. On the contrary, KLAUSNER and DINGELL (1971) de
scribed for the same species a nearly complete elimination of 14C-labeled THC within 
a period of 6 days. In these investigations, a mixture of propylene glycol and rat serum 
served as vehicle (30:70). 

In rats, the same dose of THC administered in polyethylene glycol evokes a de
crease in body temperature of more than 3°C, whereas after administration of THC 
dissolved in rape oil no hypothermia occurred. Similar observations were made in re
spect of cataleptic effects. THC in Cremophor may cause a prolongation of hexobar
bital-induced sleep for some hours, an effect which is less pronounced after adminis
tration of THC in rape oil, but, nevertheless, persists for 2 days (COPER et aI., 1971; 
FERNANDES and COPER, 1971). 

Using the disruption of food-reinforced operant behavior of rats as the test-system 
for cannabinoid activity, a polyvinylpyrrolidone dispersion had the most rapid onset 
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of action while the polysorbate-65-sorbitan monolaurate combination had the longest 
duration of action. An olive oil solution had little effect (BORGEN and DAVIS, 1973). 

When injected intraperitoneally, THC was most effective in delaying convulsions 
when given in a propylene glycol/Tween 80 (PPG) mixture, fairly effective in poly
vinylpyrrolidone (PVP), and almost ineffective in bovine serum albumin (BSA) or sa
line / Tween 80 (TW) (SOFIA, et aI., 1974). 

Higher 14C plasma concentrations were seen 1 h after intravenous injection of 
THC with PPG than with TW and BSA. BSA produced lower values than did PPG 
and TW. However, the 14C lung concentration was four times higher with BSA than 
with PPG and TW. There were no significant differences in 14C brain concentrations 
4 h after intravenous administration ofTHC with TW, BSA, or PPG. However, TW 
with THC produces significantly higher 14C brain values 1 h after intravenous injec
tion. Concentration of 14C in all tissues was significantly lower after intraperitoneal 
or oral administration ofTHC in corn oil than after TW (MANTILLA-PLATA and HAR
BISON, 1975). 

From these findings it may be deduced that there exists a complex equilibrium be
tween the water-insoluble cannabinoids, certain vehicles, plasma proteins, especially 
IX- and p-lipoproteins, as well as tissue constituents (MCCALLUM and EASTWOOD, 

1978). Therefore, the affinity of the drugs for these various retaining or uptake sites 
and their amount play an important role in the intensity and duration of the different 
effects of the cannabinoids. This factor explains many discrepancies in the literature 
concerning the effectiveness of THC. 

ll. Distribution 

In principle, the distribution of cannabinoids and their active metabolites takes place 
like that of every other drug, namely in accordance with physical and chemical prop
erties, especially the lipid solubility, the blood circulation, and the space and medium 
of diffusion. The situation concerning cannabinoids is particularly complicated, be
cause THC, for example, is obviously transformed relatively quickly into active and 
inactive metabolites not only hepatically but also extrahepatically. The velocity whith 
which the metabolism in the various tissues takes place and the simultaneous concen
tration of the respective substances over a time course cannot yet be taken for granted. 
It must also be realized that measurement of radioactivity in different tissues or sub
cellular particles does not reflect the content of the active compounds and gives only 
limited information about dose-response relationship. Most of the studies of tissue 
distribution correspond roughly to this deficient pattern. In acute experiments with 
injection of 3H-as well as 14C-Iabeled drugs, activity is high in lung, liver, and kidney; 
moderate in heart, spleen, and some endocrine glands; and relatively low in the brain, 
particularly in the gray area. The time course of rise and fall of radioactivity in the 
various organs and tissues closely resembled that of thiopental and other strongly li
pophilic substances. Relatively high levels persisted in fat at 48 h, but levels in brain 
were quite low (WILLINSKY et aI., 1974). There is no doubt that THe and the active 
metabolite are concentrated to a high degree in the synaptosomal fraction of the cells, 
but it is a nonspecific binding and is carried out mainly by simple diffusion and not 
by an active process (COLBURN et aI., 1974; DEWEY et aI., 1976; ROTH and WILLIAMS, 
1979). 
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HARRIS et aI. (1978) presented some evidence utilizing hepatoma cells that a high 
degree of binding is associated with the crude nuclear fraction. In the brain, it was 
shown that binding depends on protein concentration and that a portion ofthis bind
ing is temperature dependent. The authors concluded from their experiment that spe
cific binding of the cannabinoids may occur in certain cells or cell fractions and that 
this binding may have stereospecificity. But they stress that they do not know whether 
such binding has any relevance to the pharmacologic effect of this class of drugs. 

It has largely been accepted that the site of action ofTHC and other cannabinoids 
is the lipid phase of the cell membrane. All psychoactive compounds are very lipophil
ic, oxygenated hydrocarbons and are devoid of any ionic or strongly bipolar substi
tuent groups. At low concentrations the molecular pertubation is related to an in
crease in the molecular disorder of the liposome. At high concentrations, the effects 
level off to a more or less constant value. This phenomenon is explained by limited 
solubility ofTHC in phospholipid bilayers (LAWRENCE and GILL, 1975; GILL, 1976). 

m. Elimination 

Many investigations have confirmed that cannabinoids are metabolized rapidly, 
mainly by hydroxylation into mono- and dihydroxylated compounds. Unmodified 
THC or 11-0H-THC were not detected in urine and feces. Thus, elimination takes 
place exclusively by metabolism. The particular steps of transformation are described 
by MECHOULAM (see Chap. 7). A special aspect in this connection is the interaction of 
cannabinoids with other drugs in the microsomal drug-metabolizing enzyme system . 
..1-9-THC, ..1-8-THC, cannabidiol (CBD), and cannabinol (CBN) produce type I spec
tral changes in rat liver chromosomes, indicating the formation of the enzyme-sub
strate complex with cytochrome P 450. 

Treatment of rats with SKF-525-A prior to administration of tritium-labeled 
(-)-L1-9-THC resulted in a decrease of nearly 50% of ll-OH-THC and L1-9-THC in 
both the brain and liver as compared with the animals without SKF-525-A pretreat
ment. The microsomal oxidation inhibitor also caused a reduction of the dihydroxy
lated metabolite, 8, 1l-(OH)2-L1-9-THC, to 14% of control values. The large reduc
tion of the acid metabolite in the brain (65% of controls) and the liver (16% of con
trols) by SKF-525-A indicates that the oxidative pathway producing the acid is a mi
crosomal process (ESTEVEZ et aI., 1974). 

Pentobarbital, phenobarbital, and amphetamine also produce in vitro an ap
parently noncompetitive inhibition of THC metabolism. The inhibition engendered 
by meprobamate was at least partly competitive. Morphine and mescaline had no evi
dent effect. With the exception of SKF-525-A none of the drugs tested in vivo in
fluenced the biliary 14C excretion or metabolite pattern or the final tissue levels. (SIE
MENS et aI., 1975). 
Finally, CBD is a strong inhibitor of microsomal drug metabolism and is therefore 
capable of suppressing THC metabolic degradation (JONES and PERTWEE, 1972; FER
NANDES et aI., 1973; BORYS and KARLER, 1979). Thus, using a cannabis extract, the 
elimination and, partly, the effect ofTHC and obviously of other pharmacologically 
active cannabinoids such as tetrahydrocannabivarol depends on the amount of CBD. 
U sing pure substances it depends on the affinity with which the competing com
pounds are bound to the microsomal oxygenase system. 
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Excluding the influence of different perfusion conditions, there is no doubt that 
THC is also metabolized extrahepatically, for example, by isolated perfused lungs of 
rabbit and dog. At least five metabolites were shown to be present in lung tissue and 
perfusate (WIDMAN et aI., 1975; LAW, 1978). THC is also obviously metabolized in 
brain. COLBURN et ai. (1974) reported that most of the radioactivity in brain super
natant fraction eH THC metabolites) was not extractable in heptane 2.5 h after in
tracisternal injection of 20 Ilg 3H -,1-9-THC in rats. BEN-ZVI et ai. (1976) found as well 
that ,1-9-THC could be 7-hydroxylated in the intact monkey brain following an intra
ventricular injection of radiolabeled ,1-9-THe. On the other hand, MARTIN et al. 
(1977) found no evidence for metabolism of L1-9-THC by perfusion of the isolated rat 
brain with 14C-L1-9-THC. 

MAGOUR et ai. (1976) have shown that after the intraperitoneal injection of 10 mg/ 
kg 3HL1-9-THC, the relatively specific activity of L1-9-THC and 11-0H-THC is dimin
ished in each subcellular fraction of the rat brain. Meanwhile, the concentration of 
highly polar metabolites which cannot be totally transported from liver increases in 
all subfractions, especially in the cytosol, so that net radioactivity in the whole brain 
within 12 h is decreased only to a minor extent. 

c. Pharmacodynamic Effects 

I. In Information-Bearing Macromolecules 

Indications that cannabinoids, especially ,1-9-THC, inhibit DNA, RNA, and protein 
synthesis, have led to the study of their cytostatic, anti-immune, and chromosome
damaging effects in vitro and in vivo (STRENCHEVER et aI., 1972; BLEVINS and REGAN, 
1976; CARCHMAN et aI., 1976; HARRIS et aI., 1976; MON et aI., 1978). These investi
gations have been carried out with quite different schedules and in various systems. 
Thus, no clear statements can be made about the conditions under which canna
binoids interfere with the metabolism of macromolecules. 

Damaged or broken chromosomes are not typical in cannabis users, and they also 
occur after various other external chemical stimuli. Moreover, findings on the muta
genicity of THC were not reproducible (HERHA and OBE, 1974; COHEN, 1976; VAN 
WENT, 1978). Genetic damage by use of cannabis cannot be excluded with certainty. 
However, this risk is probably not more significant than that occuring with other un
physiological environmental stimuli. A review of the literature (FLEISCHMAN et aI., 
1975) which describes the results of25 experiments conducted in rats, mice, hamsters, 
rabbits and chimpanzees indicates, with just a few exceptions, a general lack of terato
genesis following subcutaneous, intraperitoneal or oral administration of marihuana 
extract of pure THC. These results are confirmed recently by SOFIA et ai. (1979) in 
New Zealand rabbits. 

There is no doubt that immune suppressive effects are demonstrable in vitro de
pending on the structure of the compounds, but to evoke these effects in vivo consid
erable doses are needed (GAUL and MELLORS, 1975; LEFKOWITZ and KLAGER, 1978; 
SMITH et aI., 1978). In such high doses, ,1-9-THC also suppresses the induction of aryl
hydrocarbon hydroxylase and aminopyrine demethylase by phenobarbital or 3-
methy1cholanthrene. RNA synthesis is the probable site of action. (FRIEDMAN, 1976), 
since ,1-9-THC interfered with phenobarbital stimulation of nuclear RNA synthesis, 
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but had no effect on protein synthesis. Similarly, retardation of Lewis lung adenocar
cinoma growth and of Friend leukemia virus-induced splengomegaly occurs only with 
very high doses (MUNSON et aI., 1975). 

n. In Functional Macromolecules 

The mechanism of interaction between two different substances on the microsomal 
oxygenase system clearly indicates that the net effect does not take a single pathway 
to an inhibition of THC by the other drug. The cannabinoids, especially CBD, are 
able to suppress in vitro and partly in vivo the metabolism of typical type I com
pounds. The hydroxylation of testosterone is inhibited competitively also by ,1-9-
THC and ,1-8-THC. The effect is dose dependent over the dose range tested (25-
100 11M) (CHAN and TSE, 1978). Testosterone synthesis is also markedly reduced by 
cannabinoids (DALTERIO et aI., 1977; BURSTEIN et aI. 1978 and 1 979a). 

Aminopyrine demethylation is competitively diminished by ,1-9-THC, ,1-8-THC, 
CBN, and CBD, by the latter in concentrations below 10 11M. The inhibitor constants 
were found to be 58, 68, 80, and 5 11M, respectively. In a similar way, morphine de
methylation was also inhibited. ,1-8-TH C, however, did not suppress this reaction, 
and inhibition of CBD was mixed at all concentrations. These inhibitory potencies of 
cannabis constituents on drug metabolism in vitro parallel the results obtained in vivo 
by interaction studies with hexobarbitone (FERNANDES et aI., 1973). PATON and PER
TWEE (1972) reported that CBD is a stronger inhibitor of phenazone metabolism in 
mouse liver supernatant than THC. 

Thus, it must be concluded that CBD, which is by far more potent in inhibiting 
drug metabolism than other cannabinoids, contributes significantly to the effects of 
crude cannabis preparations, at least in rodents. 

Induction of some enzymes by THC has also been noted. WITScm and SAINT
FRANCOIS (1972) first described a dose-dependent enhancement of benzpyrene hy
droxylase activity in lung and liver 24 h after treatment of male rats with high doses 
of crude cannabis resins. After exposure to smoke produced by burning cigarettes 
made from cannabis sativa the activity of pulmonary aryl-hydrocarbon hydroxylase 
is enhanced. But it needs to be considered that the activity of the enzyme is also in
creased 6-24 h after inhalation of cigarettes from which the cannabinoids have been 
extracted (MARCOTTE and WITscm, 1972). Enhanced biotransformation of theophyl
line in marihuana and tobacco smokers is described by JUSKO et aI. (1978). Ho et aI. 
(1973) have shown that chronic administration of THC to rats increases the metab
olism of the compound in the liver but not in the lungs. On the other hand, KUPFER 
et aI. (1973) found no effect of the vitro microsomal demethylation of aminopyrine 
and p-chloro-N-methyl-aniline or the oxidative metabolism of ,1-9-THC. Recently, 
WRENN and FRIEDMAN (1978) have described a dose-related stimulation of tyrosine 
aminotransferase 12 h after ,1-9-THC. 

In contrast to prior results (CHARI-BITRON and BINo, 1971; JAIN et aI., 1974), ,1-
9-THC produces a dose-dependent (2.5-40 11M) inhibition of Na +K + and Mg2+ 
Ca2+ (adenosine triphosphatase, ATPase) in all subcellular particles without Mg2+ 
ATPase in the crude mitochondrial fractions (BLOOM et aI., 1978a; HERSHKOWITZ et 
aI., 1977). 

Another membrane-bound enzyme inhibited by ,1-9-THC, the acyl coenzyme A 
from brain synaptosomes, was detected by GREENBERG and co-workers in 1978. 
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Monoamine oxydase (MAO) activity is slightly suppressed by THC, CBD, and 
hashish extract, in enzyme preparations from which the phospholipids were extracted, 
the sensitivity to .1-9-THC essentially disappeared. Sensitivity could be regained upon 
addition of phosphatidyIcholine (SCHURR et aI., 1978; STILLMAN et aI., 1978). In ap
parent contrast to these findings are the results of BANERJEE et ai. (1975a) who report
ed that the intraperitoneal administration of 10 mg/kg and 50 mg/kg .1-9-THC in
creased the activity of MAO in blood platelets in whole brain, and in hypothalamus 
and heart mitochondria. They discussed an increased accessibility and/or permeability 
of the mitochondrial membrane lipid component. 

Low doses ofTHC (0.1-1.0 mg/kg) caused 50%-160% elevations of cAMP levels 
in mouse brain, whereas higher THC concentrations depressed cAMP levels (DOLBY 
and KLEINSMITII, 1974). A similar biphasic effect has been reported in cultured human 
lung cells (KELLY and BUTCHER, 1979). 

Pharmacologic evidence that TH C causes an increase of the biosynthesis of pros
taglandins was given by KAYMAKCALAN et ai. (1975), who found that THC has 
diuretic and vasodilatory effects on isolated perfused rabbit kidney, which are in
hibited by acetylsalicylic acid but not by atropine, phenylbutazone, or mepyramine. 
On the other hand, JACKSON et ai. (1976) found a dose-related antagonism between 
THC and prostaglandin El in the abdominal constriction response. 

BURSTEIN and HUNTER (1978) confirmed enhancement of prostaglandin produc
tion in intact cells by THC, whereas in earlier investigations the authors found an in
hibition of prostaglandin synthesis in all microsome preparations (BURSTEIN et aI., 
1973). 

In addition to reports on cannabis-induced inhibition of spermatogenesis and 
steroidogenesis as well as suppression of growth hormone (GH), luteinizing hormone 
(LH), and follicle-stimulating hormone (FSH) secretion in animals (DIXIT et aI., 1974; 
COLLU et aI., 1975; DALTERIO et aI., 1977; BURSTEIN et aI., 1979a, b); SMIlli et aI., 
1979), KOLODNY et ai. (1974, 1976) described low plasma testosterone levels in heavy 
marihuana smokers. But testing of this observation by MENDELSON et aI. (1978) yield
ed no confirmation. KUBENA et aI. (1971), as well as KOKKA and GARCIA (1974), dem
onstrated that in rats THC in doses of 2-16 mg/kg or 5-20 mg/kg, respectively, in
creased plasma corticosterone concentrations. CBD was inactive. Recently, JACOBS et 
ai. (1979) have shown that the combination of stress and 5 mg/kg THC results in 
higher corticosterone values than either stress or THC alone. CBD acts opposite to 
THC. 

All these effects are not related to psychoactive properties of the drugs. It must 
be kept in mind that independent of apparently specific or nonspecific effects of can
nabinoids, all their actions on structural of functional macromolecules, including in
tervention in the immune system, are attributed to an interaction with the phos
pholipids of the different cell membranes (LAWRENCE and GILL, 1975; BACH et aI., 
1976; KALOFOUTIS et aI., 1978). 

m. In Functional Systems 

1. Neurotransmission 

The effects of cannabinoids upon biogenic amines are not yet established firmly. The 
numerous data about the involvement of cannabinoids in transmitter level and turn-
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over rate are to some extent documented by HARRIS et aI. (1977). Most of the de
scribed changes were slight and occurred only with extremely high doses. Fundamen
tal new judgments are not available. Inhibition of amine uptake, decrease in acetyl
choline release, and depression of presynaptic cholinergic transmission seem to be re
producible effects ofTHC (CAVERO et aI., 1972; GRAHAM et aI., 1974; BENSEMANA and 
GASCON, 1974; BANERJEE et aI. 1975b; MCCONNELL et aI., 1978; ROTH, 1978). RE
VUELTA et aI. (1979) gave some evidence that THC causes reduction ofturnover rates 
of acetylcholine in the cholinergic septalhippocampal pathway by increasing the re
lease of y-aminobutyric acid (GABA) from septal GABAergic interneurons. In addition 
to these direct, obvious effects on membranes, THC acts indirectly on amine-mediated 
functions such as lipolysis (MALOR et aI., 1978; WING and PATON, 1978). 

The effect of THC in suppressing signs of the quasi-morphine withdrawal syn
drome (CoLLmR et aI., 1974) is presumably not connected to the opiate receptor, do
paminergic mechanisms or sedation (ZALUZNY et aI., 1979). 

2. Cardiovascular and Respiratory Systems 

The most distinct, dose-related effect of hashish extract, A-8-THC, or A-9-THC upon 
the cardiovascular system is tachycardia (JOHNSON and DOMINO, 1971; WEISS et aI., 
1972; CLARK et aI., 1974; PRAKASH et aI., 1975; COHEN, 1976; KANAKIS et aI., 1976). 
The increased heart rate is accompanied by a shortened preejection period and a pro
longed left ventricular ejection time with no change in afterload. The peak heart rate 
increase after THC is attenuated by atropine and propranolol and nearly abolished 
by atropine-propranolol pretreatment. Changes in forearm blood flow and vascular 
resistance are also reduced. Under the chosen conditions, propranolol has no substan
tial influence on psychomotor performance (MARTZ et aI., 1972; SULKOWSKI et aI., 
1977; BENOWITZ et aI., 1979). The data suggest that THC induces sympathetic stim
ulation and parasympathetic inhibition of cardiovascular control pathways. But using 
a cross-circulation preparation in dogs, CA VERO et aI. (1973) found some evidence that 
THC also induces cardiovascular alterations by central mechanisms. 

The same is valid for the antagonism between THC and phentolamine after intra
ventricular perfusion of cats (LoKHANDWALA et aI., 1977). Moreover, A-9-THC (0.2-
1 mg/kg) blocks the cardiac conditioned response (tachycardia as well as bradycardia) 
in monkeys in a dose-related manner. The effects were similar to those of diazepam 
(McLENDON et aI., 1976), and it has to be taken into consideration that the animals 
show some sedation. 

In man, hypertension with bradycardia occurred when the blood pressure control 
was challenged by a change in posture or blood volume (PEREz-REYES et aI., 1973). 
A significant decrease in the systolic pressure and heart rate by THC was also ob
served in hypertensive rats and dogs (CA VERO et aI., 1973; VARMA and GOLDBAUM, 
1975). 

In urethane-anesthetized rats, A-8-THC and A-THC produce a dose-related tran
sient increase in blood pressure followed by prolonges hypotensive response and bra
dycardia (ADAMS et aI., 1976). In a single- and double-blind trial, CLARK et aI. (1974) 
recorded forearm venous and arterial pressure, forearm blood flow, and heart rate 
while the subject was supine. Again, tachycardia was the most consistent cardiovascu
lar response to marihuana inhalation (600 mg). But they also found increased venous 
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pressure and increased peripheral resistance as well as decreased reflex sympathetic 
response. In contrast to the effect of single doses, prolonged ingestion of THC slows 
heart rate, reduces supine and standing blood pressure, and impairs circulatory re
sponse to exercise (BENOWITZ and JONES, 1975). Under these conditions, atropine ele
vates systolic and diastolic blood pressure as well as heart rate (BENOWITZ and JONES, 
1977). Thus, the effects of cannabis compounds upon the cardiovascular system are 
not uniform, but always suggest some disturbance in homeostatic mechanism. More
over, they vary with species, particular compound (cannabinol and cannabidiol are 
ineffective) and vehicle used, dose, frequency, and duration of application, the route 
of administration, and finally, the condition of measuring (whether the subject was 
anesthetized, supine or upright, etc.). 

Concerning respiration, it has been confirmed more than once that smoked or 
orally applied .1-9-THC reduces airway resistance, without alteration offunctional re
sidual air or carbon dioxide sensitivity (VACHON et aI., 1973; TASHKIN et aI., 1973). 
These findings are similar to those obtained with isoproterenol. However, THC does 
not operate as a p-adrenergic agonist (SHAPIRO and TASHKIN, 1976). Intravenous in
jection of 0.5 mg/kg L1-9-THC in anesthetized dogs resulted in an increase oflung re
sistance, which appeared to be vagally mediated and was not accompanied by a de
crease in lung compliance or blood gas changes (BRIGHTet aI., 1975). In a recent place
bo study, it was again ascertained that smoking marihuana significantly increases 
ventilation and hypercapnic ventilatory response. Blood pH, pC02, and ventilatory 
response to hypoxia were unchanged. Propranolol completely abolished the increase 
in hypercapnic ventilatory response, but did not affect the other changes (ZWILLICH 
et aI., 1978). Also, COHEN (1976) found that, unlike isoproterenol, the THC-induced 
increase in specific airway conductance is not blocked by propranolol. In contrast to 
atropine, the effect ofTHC on bronchial diameter is also not influenced by metacho
line. Therefore, THC apparently works independently of p-adrenergic or muscarinic 
mechanisms (DAVIES et aI., 1975; SHAPIRO and TASHKIN, 1976). In asthmatic patients, 
.1-9-THC produces bronchiodilatation (HARTLEY et aI., 1978). The rate of onset, mag
nitude, and duration of the effect were dose related. 

3. Food Consumption and Temperature Regulation 

THC exerts a dose-dependent depressant effect on water and food intake (FERNANDES 
et aI., 1974; JOHANSSON et aI., 1975). Since the reduction in food consumption exactly 
parallels the reduction in motility (running wheel, activity, and crossings), it is as
sumed that the changed pattern of feeding following L1-9-THC may be a direct con
sequence of the rats' alterated state of arousal. This hypothesis is consistent with the 
action of tranquilizers and barbiturates (DREWNOWSKI and GRINKER 1978). 

Similar to morphine, THC at low doses produces hyperthermia, and, at higher 
doses, hypothermia. Depending on the ambient temperature, the decrease in body 
temperature is dose related (HAAVIK and HARDMAN, 1973a, b; FERNANDES et aI., 1974; 
JOHANSSON et aI., 1974; HATTENDORF et aI., 1977; HAAVIK and HARDMAN, 1979; TAY
LOR and FENNESSY, 1977; BLOOM and DEWEY, 1978; BLOOM et aI., 1978b). In all effects 
on autonomically regulated functions such as food intake or body temperature, can
nabidiol and cannabinol are ineffective. But in combination with CBD, the actions 
of THC are prolonged. 
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4. Analgetic and Anticonvulsant Effects 

Marihuana produces analgesic activity in animals (SOFIA et aI., 1975; BLOOM and DE
WEY, 1978) and man (MILSTEIN et aI., 1974). THC, ll-OH-THC, and cannabinol work 
dose dependently; CBD is inactive (WILSON and MAY, 1975; WELBURN et aI., 1976). 
In the hot plate test, however, there exists a synergism between CBD and THC (T AKA
HASHI and KARNIOL, 1975). 

In the mouse, the abdominal constriction response induced by formic acid, phenyl
quinone, 5-HT, prostaglandin E1, and bradykinin is antagonized by THC (ED50 be
tween 1.0 and 2.6 mg/kg) (JACKSON et aI., 1976; SANDERS et aI., 1979). Certainly, it re
mains to be considered whether THC also produces an attenuation of the escape re
sponse. PARKER and DUBAS (1973) have discussed the extent to which altered qualities 
of perception are related to the analgesic effects of THe. 

Using the method oflimited ascending and descending thresholds for painful and 
nonpainful stimulation, HILL et aI. (1974) have some evidence that smoked marihuana 
(14 mg THC) has no analgesic properties. NoYES et aI. (1975) demonstrated a mild 
analgesic effect of THC in patients with cancer. But in a dose of 20 mg, the drug in
duces severe side-effects that prohibit its wide therapeutic use. 

Since those first observations of LOEWE and GOODMAN (1947), dose-related anticon
vulsant effects of Ll-9-THC and CBD have been well documented in laboratory ani
mals (FRIED and MAcINTYRE, 1973; CORCORAN et aI., 1973; CONSROE et aI., 1976c; 
CONSROE and WOLKIN, 1977). Interestingly, in New Zealand white rabbits Ll-9-THC 
and cannabinol in low doses (0.5 mg/kg) produce seizures which are antagonized by 
CBD and anticonvulsants such as carbamazepine, diazepam, and phenytoin (CONS
ROE et aI., 1977). 

5. Motor System, Psychomotor Performance Tasks, and EEG 

Hashish, like most of the psychoactive drugs, has depressant as well as excitatory ef
fects. Depending on the dosage, both actions can be present in parallel (HOLLISTER 
and GILLESPIE, 1973; HILL et aI., 1974). In man, after 5-7 mg Ll-9-THC, the sedative 
component predominates, at higher doses (15 mg and more), stimulating symptoms 
prevail. In animals, cannabis and THC mainly tend to suppress spontaneous and ex
ploratory locomotion. Higher doses were necessary for rodents than for other species. 
A summary of findings on the effect ofTHC on the motor system of behavioral effects 
in animals is given by MILLER and DREW (1974). 

In rats, THC induces dose-related catalepsy. The effect is triggered by intracister
nal but not by intrapallidal injections. CBD is not effective, but extends the cataleptic 
response of THe. Amphetamine attenuates Ll-9-THC catalepsy, whereas intrapallidal 
administration of amphetamine potentiates the effect (FERNANDES et aI., 1974; GOUGH 
and OLLEY, 1978). 

In general, cannabis inhibits aggressive response. Shock- and isolation-induced 
aggressive activities, as well as predatory aggression, are inhibited by doses that do 
not impair motor function (MICZEK, 1978). The mouse- and frog-killing activity of 
rats is blocked (ABEL, 1975; MICZEK, 1976a), but under starvation and sleep depriva
tion, non-mouse killers developed muricidal behavior (FUJIWARA and UEKI, 1978). 

THC disrupts performances on Rotarod and an established conditioned avoid
ance response (CAR) in rats and monkeys as well as the acquisition and extinction 
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of reinforcement schedule behavior in a dose-related fashion. Maze learning is also 
impaired under the influence ofTHC (KILBEY et aI., 1973; McDoNOUGH et aI., 1972; 
PRYOR et aI., 1976). 

In man, too, THC produces decrements in general performance (reaction speed, 
cognition, and psychomotor coordination), including the ability to perceive emotions 
in others (BELGRAVE et aI., 1979; CLOPTON et aI., 1979). Handling performance in 
automobile driving and psychomotor tracking is decreased by cannabis in the rela
tively high dose of 5.9 mg/kg THC (HANSTEEN et aI., 1976). Memory is influenced in 
the sense that marihuana obviously affects storage processes but not perception, reg
istration, and retrieval (ABEL, 1971; DARLEY et aI., 1973; DORNBUSH et aI., 1971). 

WIKLER and LLOYD (1945) were one of the first who described a decrease in EEG 
ex-activity and an increase in the fast frequencies. Later, EEG frequency changes were 
carefully quantified by power density spectral analysis. The results were inconsistent. 
FINK (1976) studied EEG profiles in occasional cannabis users in New York and long
term, high-dose hashish users in Athens. The EEG effects of enhanced ex-activity, de
creased p-activity, and decreased mean frequency were dose dependent, both in inten
sity and in duration. The behavioral measures, particularly selfratings of euphoria 
("high" or "mastura") and heart rate, were also dose dependent and interrelated with 
the EEG measures. Similar results are described by KOUKKOU and LEHMANN (1978) 
in an acute trial with volunteers who were abstinent during the 3 months prior to the 
study. In the report of COHEN (1976), marihuana smoking is associated with down
ward alpha shift and a narrowing of band width. 

D. Aspects of Tolerance 
Since the fundamental considerations of KALANT et aI. (1971), it is well known that 
tolerance can be quantified only by measuring the parallel shift of dose-response 
curves for acute and chronic drug treatment. The usual procedure for measuring tol
erance ensuing from a fixed dose leads to a high probability of error. If a test is carried 
out constantly in a maximum effective dose range, tolerance to the action examined 
is hardly perceptible. The same can happen if the dose is below the tolerance-inducing 
level. Moreover, with a single dose, the parallelism of the shift to the right cannot be 
evaluated. 

This statement is valid not only for functional tolerance where development of tol
erance to some effects is different in time and intensity at various doses, but also for 
dispositional tolerance, where in principle all effects of the drug are diminished after 
chronic administration. In that case, some effects can yet be realized in spite of a 
forced metabolism, if only a sufficient amount of the drug remains for those reactions. 
On the other hand, effects which require comparatively higher concentrations can de
crease under the threshold of effectiveness. 

Because these basic facts are often ignored, it is not yet determined whether toler
ance to cannabis is caused metabolically or functionally, or if both phenomena are 
of relevance. 

In their review of 1978, LEMBERGER and RUBIN argue that in animals tolerance is 
not due to alterations in the disposition of the drug with chronic administration since 
apparently no major differences were seen in absorption, distribution, metabolism, or 
excretion of cannabinoids. In humans, however, differences were observed between 
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naive subjects and chronic marihuana smokers in plasma half-lives of J-9-THC as 
well as in its metabolism. But the authors question whether dispositional alterations 
could be solely responsible for tolerance in man. In their opinion, it is more likely that 
tolerance is related to an adaptation by the cells of the CNS. 

The synopsis in the review of HARRIS et al. (1977) may indicate dispositional tol
erance, because all of the more than ten different effect listed are reduced. Distinctly 
differentiated tolerance to depressive effects and not to excitatory ones, as seen in 
chronic opioid use, apparently has not yet been established. 

The favored assumption that tolerance to cannabis is not mediated by forced me
tabolism is not totally convincing. As indicated in the discussion of pharmacokinetic 
effects, especially for cannabinoids it is not valid to use measurements of radioactivity 
to assess the proportion and intensity of drug metabolism. The occurrence of en
hanced transformation in animals was shown by Ho et al. (1973) and confirmed by 
MAGOUR et al. (1977). The discrepancy between the results concerning distribution of 
THC in animals after subchronic treatment may be caused also by the vehicle used. 
MARTIN et al. (1976) found after intravenous injection of Emulphor EL-620:ethanol: 
saline (5:5:490) that the distribution of J-9-THC in the organism was not significantly 
different in tolerant and nontolerant animals. (A marked reduction, however, was 
found in the gray area ofthe brain in tolerant rats.) PRYOR et al. (1976) even demon
strated an accumulation of radioactivity following subacute treatment with LI-9-THC 
dissolved in sesame oil and given orally. In their investigations, subacute pretreatment 
with 10 mgjkg J-9-THC for 6 days caused significant tolerance to all five measures 
(CAR, photocell activity, heart rate, body temperature, and time on Rotarod). 

Moreover, daily 12 mgjkg intraperitoneal injections of THC produced tolerance 
during a 9-day drug series on a number of behavioral measures in rats performing on 
a discriminated-Sidman avoidance schedule and reversed completely during a similar 
period under vehicle-only injections (WEBSTER et aI., 1973). 

Important evidence for the mechanism of functional tolerance is provided by the 
mouse-killing behavior. THC or cannabis extracts consistently suppress predatory, 
attack, and killing behavior in rats and cats after acute administration. But daily ad
ministration of high doses induces mouse-killing behavior (MICZEK et aI., 1976a and 
b, 1979). Thus, after depressive effects have diminished, the excitatory ones, e. g., kill
ing behavior, prevail. However, it must be pointed out that this kind of aggression is 
connected with special conditions. In aggressive behavior induced by tactile and visual 
isolation, TEN HAM and DEJONG (1974) found no attenuation although tolerance to 
hypothermia was seen. 

Another indicator for functional tolerance may be temporally different attenu
ation of hypothermia, intestinal motility, and spontaneous locomotor activity after 
chronic THC administration (ANDERSON et aI., 1975). Lack of tolerance to a negative 
chronotropic effect ofTHC in rats has been described by KAYMAKCALAN et al. (1974). 

Further arguments for the existence offunctional tolerance are the results ofinves
tigations on cross-tolerance between THC and ethanol. In agreement with the find
ings of SPRAGUE and CRAIGMILL (1976), SIEMENS and DOYLE (1979), using Rotarod 
performance, demonstrated cross-tolerance which was not a function of changes in 
drug degradation. 

Some of the inconsistency in the preceding report about tolerance to cannabis in 
humans is based on a simple but important fact, often overlooked or forgotten. In 
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1963, SEEVERS and DENEAU pointed out that the development of tolerance requires 
"continual neuronal exposure" to the drug without interruption. Failure to recognize 
this requirement has led to "erroneous conclusions from poorly designed ex
periments." Therefore, it is not quite correct to compare the results of experiments in 
which volunteers have smoked varying amounts of hashish cigarettes under standard
ized conditions with defined substances, doses, and kind and frequency of application 
to data obtained from occasional or chronic hashish users. 

In agreement with most other authors, JONES et aI. (1976) found that tolerance de
veloped to many physiologic effects of cannabis in humans. The changes followed a 
time course similar to that of subjective intoxication judgements and are listed below 
(see also LIAKOS et aI., 1976; GIBBINS et aI., 1976; NOWLAN and COHEN, 1977). 

Mood changes 
Tachycardia 
Orthostatic hypotension 
Skin temperature decrease 
Body temperature increase 
Salivary flow decrease 
Intraocular pressure decrease 

EEG slowing 
EEG evoked potential alterations 
Sleep EEG changes 
Sleep time and quality 
Eye tracking 
Psychomotor tast performance 
Ward behavior alterations 

Obviously, the effect depends on the dose and frequency of consumption. BABOR 
et aI. (1975) found that heavy users indicated a progressive decline in ratings of into xi
cation and duration of pulse rate effect; moderate users showed no changes in either 
of these reactions. COHEN (1976) found disappearance of tachycardia after chain 
smoking of marihuana cigarettes; PEREz-REYES et aI. (1974; 1976) documented that 
marihuana does not produce tolerance to accelerated heart rate. RENAuLTet al. (1974) 
demonstrated in man that tolerance does not develop to the two most reliable indexes 
of marihuana intoxication, the heart rate increase and subjective feelings of highness, 
unless rather heavy doses of LI-9-THC are self administered repeatedly. 

MENDELSON et al. (1976) tried to study behavioral and social reactions to mari
huana when smoked under conditions that approached typical social usage. He found 
in casual and heavy users a significantly declined activity level; this decline is reflected 
in the subject's tendency to prefer more passive activities. But the relationship between 
marihuana and physical activities seems not to be causative, because subjects smoked 
at those times when they would ordinarily be inactive. Behavioral tolerance in heavy 
smokers suggests that some of the effects are pharmacologic rather than learned. 

There is no doubt that in the establishment of tolerance to the psychomotor effects 
of ,,1-9-THC, the influence of learning is a special problem. It was again KALANT et 
al. (1971) who showed that in animal behavior, e. g., lever pressing in some difficult 
task, the disturbance in function produced by a drug may not be present unless the 
animal attempts to perform the task. Therefore, it is not surprising to find that toler
ance to a drug develops more rapidly if the animal performs or attempts to perform 
the function while under the influence of the drug. Using numerous examples, WIKLER 
(1976) has discussed this aspect thoroughly. He concluded that tolerance at all levels 
of complexity in the brain involves "learning" in the sense of the acquisition of com
pensatory adaptations to the consequences of the presence of a drug-produced distur
bance in function. Depending on the function tested, species and dose of cannabis 
used, tolerance, behaviorally augmented (to induce disturbed function) or not, de-
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velops at different rates or not at all, e. g., to impairment of the logical sequence of 
thoughts, to which tolerance has yet been demonstrated. 

LARSEN and PRYOR (1977) showed attenuation of the impairing effect of A-9-THC 
on the avoidance task when the drug was given independent of the opportunity to per
form the conditioned avoidance response (pole climb). These results differ from those 
of MANNING (1976), who found that independent exposure was insufficient to induce 
tolerance to the impairing effect of ,1-9-THC. But he used another operant schedule 
that required a low rate of spaced responding (30--s reduction of food reinforcement). 

JARBE (1978) treated rats with A-9-THC for 14 days and found tolerance to THC
induced hypothermia and depression of CAR in shuttle box. The noncontingent ex
posure also produced tolerance to spontaneous (unlearned) behavior as measured in 
an open field test. He concluded from this data that there is no essential role oflearned 
tolerance under the influence of THC. 

E. Interactions with Other Drugs 

Interactions of cannabis and other drugs have to be differentiated in metabolic and 
functional interactions. 

Concerning functional interactions of cannabis and other drugs, general problems 
in this field must be remembered. THC interferes with several centrally regulated mo
toric, sensory, and vegetative functions. The linear part of the log-dose response curve 
of the various effects does not proceed in a simple additive and parallel manner. Thus, 
variation of the dose does not only change the intensity of the single partial actions 
to a different degree, but also can modIfy the whole profile of action. Therefore, de
pending on dose, the steepness of the dose-response curve, and the duration of treat
ment, THC in combination with other drugs, which dispose also oflarge spectrum of 
action, may lead to different results, especially if the effects of the two substances oc
cur in different systems and receptors (LEVY 1976; MITCHELL, 1976; COPER, 1979). 

In earlier investigations, KUBENA and BARRY (1970) reported that a dose of 4 mg/ 
kg THC antagonized the stimulating effect of 2 mg/kg methamphetamine, whereas a 
dose of 16 mg/kg THC failed to diminish the stimulant effect of 0.5 mg/kg metham
phetamine. On the other hand, PIRCH et al. (1973) found a dose-related antagonism 
of the stimulation caused by amphetamine. In aggregated mice, THC augmented the 
locomotor activity produced by 0.5 mg/kg methamphetamine. The effect was dose re
lated and lasted for 2 h (EVANS et al. 1976a). 

With the aid of reciprocal dose-response curves, PRYOR et al. (1978) studied the 
interaction ofTHC with D-amphetamine, cocaine, and nicotine in rats on conditioned 
avoidance response (CAR), photocell activity, heart rat, temperature, and Rotarod 
performance. Neither the two stimulants nor nicotine influenced CAR performance, 
but the increased intertrial response with amphetamine and cocaine was partially an
tagonized by THe. The cannabinoid completely blocked the stimulated photocell ac
tivity of amphetamine, whereas there was mutual antagonism between ,1-9-THC and 
cocaine. Nicotine markedly potentiated the THC-mediated depression. Amphetamine 
and cocaine tended to offset the impairment of Rotarod performance caused by ,1-9-
THC, whereas this performance was augmented by nicotine. THC-induced bradycar
dia and hypothermia were increased by the stimulants and by nicotine. 



148 H. COPER 

Also CONSROE et aI. (1976a) gave evidence for the concept that depending upon 
the parameters being investigated, the interaction of THC with catecholaminergic 
drugs (amphetamine, cocaine, and apomorphine) may result in an antagonism or po
tentiation of the effect. In another study CONSROE et aI. 1975; (1976b) described in rab
bits an antagonism between caffeine and THC in cortical and hippocampal EEG, 
whereas nicotine reversed the EEG alterations. But this combination caused behavior
al collapses preceded by behavioral disturbances. 

Under a double-blind, randomized, complete block design, subjects were given ei
ther placebo or 10 mg/70 kg dextroamphetamine sulfate orally, followed 1.5 h later 
with a marihuana cigarette prepared to deliver 25 /lg/kg TH C. The evaluation of sub
sequent psychomotor performance showed an impairment which was related to smok
ing marihuana. No difference could be distinguished between marihuana alone and 
marihuana-dextroamphetamine sulfate combination. Subjective evaluations as mea
sured by the modified Cornell Medical Index demonstrated only additive effects for 
the combination (EVANS et aI., 1976b). 

PRYOR et aI. (1976) showed that an ineffective dose of phenobarbital in combina
tion with THC increases impairment of CAR performance and vice versa. The dose
related results suggest that a critical level of either THC or phenobarbital is sufficient 
to trigger the impairment of CAR performance. The results for ethanol show a some
what different pattern. The interaction appears to be more critically dependent on the 
dose of ethanol than on that of L1-9-THC. A third pattern is illustrated by the results 
for phenycyc1idin caused a graded dose-related increase of impairment. With the 
lower doses of phenycyc1idin, the potentiation was more than additive, whereas with 
the highest dose it was less. All these studies strengthen the notion that the interactions 
between THC and other drugs are the result of a complex interplay involving various 
receptor sites and neurohumoral systems. 

Without interference with the metabolism of ethanol in rats, THC but not CBD 
enhanced the depressant action of ethanol, although ethanol reduced THC-affected 
brain and Blood levels (SIEMENS and KHANNA, 1977). 

CHESHER et aI. (1976, 1977) investigated the effects in man of THC alone and in 
combination with ethanol on perceptual and cognitive motor functions. Both THC 
(0.14 mg/kg) and ethanol (0.54 mg/kg) have little effect when administered alone. The 
combination of the drugs, however, induced a significant decrement in performance 
and was considered to be at least additive. The peak blood ethanol concentration was 
higher when the subjects received both drugs. If the dose of THC was increased to 
0.21 mg/kg, THC alone produced markedly decrements. 

When this dose was combined with 0.14 mg/kg ethanol, an additive effect ap
peared in the first part of the investigation, but later there was a suggestion of antag
onism. Subjects who received the drugs in combination performed better than those 
who received only the high dose of THC. 

THC significantly prolonged the anesthesia induced by cetamin, pentobarbitone, 
thiopentone, and propanidid in a dose-dependent manner. Cannabinol and canna
bidiol prolonged pentobarbitone-induced anesthesia (FRIZZA et aI., 1977). This inter
action is obviously metabolically and not centrally mediated, as confirmed by former 
investigations by CHESHER et aI. (1974) and FERNANDES et aI. (1974) who demonstrat
ed that CBD prolonged hexobarbital-induced sleep by inhibition of the metabolic de
gradation of the anesthetic. 



Pharmacology and Toxicology of Cannabis 149 

As described in Sect. III, cannabinoids, especially CBD, suppress the metabolism 
of phenazone, aminopyrine, and other drugs (PATON and PERTWEE, 1972; FERNANDES 
et aI., 1973). 

In rodents, CBD also inhibits the degradation of THC. But in man, this mecha
nism obviously is without relevance, because a combination of THC (20 mg) with 
CBD (40 mg) produces no detectable changes in quality, intensity, or duration of the 
effect of THC alone (HOLLISTER and GILLESPIE, 1975). 

F. Conclusion 

During the past 10 years much has been learned about the pharmacology and toxicol
ogy of cannabis and from that about the therapeutic potency of its pure constituents 
(TASHKIN et al. 1978). But balancing benefit against risk, the therapeutical value of 
cannabinoids remains small. Bronchodilation, reversal of bronchospasm and a de
crease in airway resistance after THC for example, are advantageous. These effects 
were the basis for the study of marihuana in asthma therapy. However, the smoke has 
a directly irritating effect on the lungs, and chronic inhalation is associated with im
pairment of pulmonary functions, including slight respiratory depression and respira
tory disorders such as laryngitis, pharyngitis, bronchitis, and their consequences 
BELLVILLE et aI., 1975; VACHON, 1976; FLEISCHMAN et aI., 1979). 

Due to disturbances in the homeostatic mechanism of the cardiovascular system 
THC has no therapeutic value in subjects with heart or circulatory insufficiency. In 
patients with coronary artery disease, marihuana-smoking decreased myocardial oxy
gen delivery and the exercise time until the onset of anginal pain and increased myo
cardial oxygen demand. In addition, it significantly enhanced the cognitive impair
ment of subjects, as measured by the content of speech, and blocked the usual, non
drug psychocardiovascular correlations. Therefore, for anginal patients marihuana is 
more a medical hazard than a help (GOTTSCHALK et aI., 1977). 

The efficacy of cannabinoids as an anticonvulsant drug has been investigated 
mainly in animals. Information about its antiepileptic properties in man is insufficient 
(COHEN and STILLMAN, 1976). 

Reduction of intraocular pressure after oral or inhaled THC is undisputed 
(GREEN, 1975). In the meantime it could be shown in rabbits that after topically ap
plied THC intraocular pressure diminished. No tolerance has been noted (GREEN et 
aI., 1977). Thus, in the future cannabinoids may offer an alternative medication for 
glaucoma. 

All other efforts to take cannabinoids for the treatment of various disorders or dis
ease symptoms (anxiety, depression, nausea, pain, and cancer, or even infectious dis
eases) were not successful until recently now (COHEN, 1978). 

Sensational news about the therapeutic possibilities of the "devil's weed", canna
bis, is obviously not to be expected. Nevertheless, many important unsettled ques
tions, especially about the basic mechanisms of action, have to be solved and make 
it necessary to continue research on cannabinoids. 
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CHAPTER 9 

General Pharmacology and Toxicology of Alcohol 
T. L. CHRUSCIEL 

A. Introduction 
Ethyl alcohol (Alcohol aethylicus, C2HsOH) has been used since the dawn of history 
in various beverages and, much later in the history of mankind, as a pure fluid sub
stance, for nonmedical, pseudomedical, and medical purposes. At one time it was con
sidered an important remedy for all diseases: the word "whisky" is believed to have 
its roots in the Gaelic usquebough, meaning "water of life" (RITCHIE, 1977). It is now 
recognized that the therapeutic value of alcohol is limited to its local external use; 
however, the social use of alcoholic beverages leading eventually to alcohol depen
dence and concurrent chronic intoxication, as well as frequently occurring cases of 
acute intoxication, calls for detailed knowledge of its pharmacology and toxicology. 

Ethyl alcohol is an inflammable, volatile fluid resulting from carbohydrates fer
mentation by various species of the genus Saccharomyces. It ist also biosynthesized 
as a byproduct in the process of hexoses oxidation in plant and animal cells. There
fore, small amounts of ethyl alcohol constitute a normal element of animal tissues. In 
man the blood contains 0.027 mg-%, the liver tissue 0.227 mg-%, and the brain tissue 
0.187 mg-% (SUPNIEWSKI, 1965). 

B. General Pharmacology 
The main effects of ethanol are on the central nervous system. The well-known signs 
and symptoms, during and following periods of intoxication, from mild inebriation 
on through drunkenness and the following hangover and to deep coma, illustrate that 
ethanol has typical and significant effects upon man. The earliest changes are upon 
the emotional and autonomic functions; a number of intellectual phenomena are ad
versely affected as intoxication progresses. It should be borne in mind that from the 
very beginning of its action in man ethanol is always a depressant. 

I. Absorption 

Alcohol is rapidly absorbed from the stomach, small intestine, and colon. The rate of 
absorption is variable among individuals and in the same subject at different times. 
Numerous factors modify the absorption of alcohol from the stomach: the volume, 
character, and concentration of the alcoholic beverage; the presence in the stomach 
of food and its characteristics (HAGGARD et aI., 1941; LIN et aI., 1976); the time se
quence of eating and drinking (LIN et aI., 1976); the rapidity of ingestion; delayed 
stomach emptying time; the occurrence of pylorospasmus due to high concentration 
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of alcohol. All these factors may influence considerably the absorption time. Alcohol 
itself can inhibit gastric emptying (HAGGARD et aI., 1941; NIMMO, 1976). Food (par
ticularly milk) delays alcohol absorption. An high-carbohydrate meal may have a 
greater inhibitory effect on alcohol absorption than one rich in fat (WELLING et aI., 
1977). Fasting will bring about an increase in the rate of absorption. 
Absorption from the small intestine is extremely rapid and complete: the presence of 
food does not interfere. Alcohol increases gastric and intestinal perfusion (MAGNUS
SEN, 1968). The time of gastric emptying may well be the main factor determining the 
wide individual variation of absorption of alcohol (2-6 h or more). 

II. Distribution 

Alcohol is fairly uniformly distributed throughout all tissues and body fluids. It passes 
through placenta and has free access to the fetus. It is soluble and mixes well with wa
ter in all proportions. It dissolves lipids, and its water-lipid dissolution coefficient is 
relatively high. According to Overton-Meyers theory on the role oflipid-water disso
lution coefficient in narcotic action of lipid soluble substances, ethanol has no signif
icant surgical anesthesia potential. In the brain the alcohol concentration quickly ap
proaches that of the blood. The lethal concentration of alcohol in the brain was found 
to be 270-510 mg-% (ISSELBACHER, 1977). 

III. Metabolism 

Up to 98% of the alcohol that is ingested is completely metabolized yielding slightly 
over 7 calories per gram. The metabolic clearance of alcohol obeys the kinetics of 
Michaelis-Menten (LUNDQUIST and WaLTHERS, 1958; WAGNER and PATEL, 1972; 
WAGNER et aI., 1976). The rate of alcohol oxidation is constant with time (zero-order 
pharmacokinetics). The amount of alcohol oxidized is proportional to body weight. 
The average rate of oxidation is 85 and 100 mgjkg body wt. per hour in women and 
men, respectively. The constant rate of metabolizing results in risk of accumulation 
after ingestion of higher doses. An adult man can metabolize 3-4 gjkg body wt. per 
day. Ka1ant (ROTSCHILD et aI., 1975) determined the daily maximal metabolism of al
cohol to be about 450 mI. At least 80% of alcohol oxidation proceeds via a two-step 
pathway in which the initial oxidation takes place in the liver. Alcohol dehydrogenase 
(ADH, alcohol: NAD oxidoreductase; E. C. 11.1.1) oxidizes ethanol to acetaldehyde. 
ADH is a zinc-containing metalloproteid that utilizes NAD as the hydrogen acceptor 
(RUBIN and LIEBER, 1967). Human alcohol dehydrogenase is an NAD-dependent zinc
metalloenzyme (VALLEE and HOCH, 1957). Limited studies suggest that human ADH 
may be dimeric, and its gross physical characteristics are similar to those ofwell-stud
ied horse ADH (VON WARTBURG et aI., 1964). 

CH3CH20H - 2H->CH3COH + O2 + H2°--> 

CH3COOH( +H20 2)-4H-->2C02 -2H20 

CH3CH20H + H20 2-->CH3COOH + 2H20 . 

The second step is convertion by NAD-dependent aldehyde dehydrogenase, a 
molybden containing flavoproteid, of acetaldehyde to acetylcoenzyme A, which is 
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then oxidized through the citric acid cycle or utilized in various lipid synthesis cycles. 
The oxidation of ethanol increases the NADH: NAD ratio. The blood concentration 
of acetic aldehyde averages between 20 and 50 11M in humans after consumption of 
an intoxicating dose of alcohol (MAJCHROWICZ and MENDELSON, 1970). Acetic alde
hyde at millemolar levels will inhibit Na + -, K +, and Mg+ + -activated ATPase 
(TABAKOFF, 1974) protein synthesis (PERIN et aI., 1974), and the release of biogenic 
amines (SCHNEIDER 1974); yet, at lower, potentially physiological levels it does not af
fect many biological reactions. Westcott et al. (WESTCOTT et aI., 1979) have shown that 
acetic aldehyde enters the brain of the rat treated with ethanol. It appears that an ef
fective acetic aldehyde-metabolizing system exists in the brain that keeps acetic alde
hyde at a low level during ethanol metabolism. This is most likely due to the presence 
of aldehyde dehydrogenase. The finding that acetic aldehyde is detectable in the ex
tracellular fluid (WESTCOTT et aI., 1979) shows that acetic aldehyde can cross the 
blood-brain barrier and is not totally metabolized in the capillaries. Pyrazole and its 
derivatives inhibit oxidation of ethanol and its elimination from the blood. THEORELL 
and YONETANI (1963) noted that pyrazole inhibits the activity of hepatic alcohol dehy
drogenase. At high blood ethanol concentrations, only 50% of in vivo alcohol oxida
tion can be suppressed by the potent ADH inhibitor, pyrazole, or its alkyl derivatives 
(BURNETT and FELDER, 1980). 

More recent studies suggest that microsomal oxidases from the smooth endoplas
mic reticulum of the liver cell, a microsomal ethanol-oxidizing enzyme system 
(MEOS) may playa major role (LIEBER and DECARLI, 1968; ROACH, 1975) Catalase 
also oxidizes alcohol. LIEBER et al. (KALANT et al. 1971) have found the inhibition 
of MEOS as well as catalase by pyrazole. 

Pyrazole is known to activate succinic dehydrogenase and cytochrome oxidase 
and inhibit lactid dehydrogenase (BESKID et al. 1978 a; BESKID et aI., 1978 b; 
CEDERBAUM and RUBIN, 1974; KOELICHEN-SUOZILOWSKA et aI., 1978; SKLADZINSKI, 
1976; SKLADZINSKI and BESKID, 1978). 

Concomitant application of pyrazole with ethanol produces hepatic necrosis (LEL
BACH, 1971; LIEBER et aI., 1970; SKLADZINSKI, 1976; SKLADZINSKI and BESKID, 1978) 
and cortical lesions (BESKID et aI., 1978 a; BESKID et aI., 1978 b; KOELICHEN-SUOZlLOW
SKA et aI., 1978). Pyrazole-insensitive ethanol oxidation has been attributed to a 
peroxidative activity of catalase and/or a microsomal ethanol-oxidizing system which 
bears some relation to the microsomal drug-metabolizing system. 

Some portion of in vivo alcohol oxidation and in vitro microsomal alcohol oxida
tion is suppressed by the catalase inhibitors sodium azide and aminotriazole (BURNETT 
and FELDER, 1980). 

The elevation of the ethanol clearance rate in response to chronic ethanol con
sumption is a well-established phenomenon (KORVULA and LINDROS, 1975; LIEBER 
and DE CARLI, 1968; TOBON and MEZEY, 1971). 

BURNETT and FELDER (1980), using an AdhN/AdhN deer mouse strain from labo
ratory populations of Peromyscus maniculatus which lack liver ADH activity (BUR
NETT and FELDER, 1978), have found that these animals eliminated ethanol at a signifi
cantly slower rate than those of the normal strain. A comparison of the blood ethanol 
elimination in the AdhN/AdhN and normal strains indicated that, at high blood 
ethanol concentrations, non-ADH mediated pathways may account for as much as 
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two-thirds of normal elimination in this species (BURNETT and FELDER, 1980). These 
results suggest that ethanol consumption may induce an increase only in the ADH 
pathway of alcohol oxidation. The increases of the blood alcohol elimination rate, fol
lowing chronic alcohol consumption, are mediated primarily via the ADH pathway. 

IV. Excretion 

Normally, about 2% of ingested alcohol is excreted unchanged through the lungs, in 
perspiration, and with the urine. Exceptionally, this value may be as high as 10%. Ef
forts to hasten the detoxication by the use of diuretics or hyperpnea-inducing drugs 
are valueless. 

V. Mechanism of Action 

Ethanol is a protoplasmic poison which seems to act primarily by disrupting cell mem
branes (CHIN and GOLDSTEIN, 1977; SEEMAN, 1972; SEEMAN, 1974). This action lacks 
chemical specificity and apparently results simply from a slight reduction in viscosity 
of the lipid bilayer. Ethanol precipitates proteins and dehydrates tissues; in the con
centration of 70% v/v it is a potent bactericidal agent. Some chronic actions (e. g., 
physical dependence) of various alcohols correlate with lipid solubility. Four to five 
times more ethanol than t-butanol exposure was required to produce a given with
drawal reaction severity (McCOMB and GOLDSTEIN 1979). This ratio is the same as the 
relative lipid solubilities of the two alcohols (LEO et aI., 1971; LIEBER, 1978). McCOMB 
and GOLDSTEIN (MCCOMB and GOLDSTEIN, 1979) have shown that physical depen
dence accumulates progressively when the two alcohols are given sequentially. 

Quite recently, JEFFCOATE et aI. (JEFFCOATE et aI., 1979) have shown in double
blind, crossover study of 20 male volunteers that a single intravenous infusion of 
0.4 mg naloxone, a typical opiate-receptor blocking agent, prevented the impairment 
of psychomotor performance induced by low levels of blood alcohol. Naloxone has 
been used to rouse comatose patients in alcohol intoxication (MACKENZIE, 1979; 
SCHENK et aI., 1978; SURENSON and MATTISON, 1978). The effects of naloxone tend to 
agree with the hypothesis that alcohol intoxication is mediated, at least in part, by an 
action on central opiate (endorphins) receptors. In 1970 DAVIS and WALSH underlined 
that dependence on alcohol was analogous to morphine-type dependence and sug
gested that the effects of alcohol may be caused by the generation of endogenous mor
phinelike alkaloids. DAVIS and WALSH (1970) noted that acetic aldehyde can condense 
with noradrenaline or serotonin to form Schiff bases and then undergo spontaneous 
rearrangement to tetrahydroisoquinolines or tetrahydropapaveroline. Such sub
stances may be dependence producing and this was suggested as an explanation of the 
dependence-producing properties of alcohol (RAHWAN, 1975). COHEN and COLLINS 
(COHEN and COLLINS, 1970) demonstrated the formation of such alkaloids from cat
echolamines and acetaldehyde in bovine adrenal tissue in vitro. The recent discovery 
of enkephalins and endorphins, the endogenous opioid peptides, enables one to com
plement and to rephrase the original Davis and Walsh theory. It is likely that alcohol 
produces intoxication by causing release of endorphins. Further research along these 
lines is necessary. 
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VI. Central Nervous System 

Alcohol is a primary and continuing depressant of the central nervous system. The 
threshold effects appear when the concentration of ethyl alcohol in the blood is 20-
30 mg-%; gross intoxication is seen at concentrations of 100 to 150 mg-%. Tolerance 
developes easily with chronic drinking. The average concentration in fatal cases is 
about 400 mg-% (Committee on Medico-legal Problems, 1968). Alcohol exerts its ac
tion first on the highly organized structures, particularly on the reticular activating 
system and the cortex, which is thus released from its integrating control (TOBON and 
MEZEY, 1971). The lack of inhibition produces the behavioral primary stimulation. 
The affection of mental processes depending on training and previous experience liq
uidate self-restriction and soberness. Discrimination, memory, concentration, and in
sight are dulled and then lost (ISSELBACHER, 1977). Changes in mood and behaviour, 
well described in all textbooks, follow. In general, the effects of alcohol are propor
tional to its concentration in the blood, and central effects, due to rapid absorption, 
may be rapidly obtained. They are, however, of relatively short duration (BEGLEITER 
and PLATZ, 1972). 

The EEG responses to alcohol differ greatly between individuals - even between 
fraternal twins. Monozygotic twins show an almost identical reaction of the EEG to 
alcohol (PROPPING 1977). An average (X-EEG in a pair of twins in the resting state and 
after alcohol loading shows that the extent of the alcohol-induced synchronization is 
similar (PRoPPING, 1978) and seems to depend on the genetically determined nature 
of the resting EEG. PROPPING (1978) assumed that the variability of the normal hu
man EEG may depend to a large extent on the differential tonic influence of the de
synchronizing ascending reticular activating system (ARAS). Alcohol has been shown 
to diminish the spontaneous activity of the ARAS, thus improving synchronization 
of cortical discharges (CASPERS, 1957; CASPERS, 1958) i. e., the number of (X- and 8-
waves as well as the amplitudes for all frequency classes increase, whereas p-activity 
is diminished. 

Chronic alcoholics show no consistent pathological changes in rhythm (Commit
tee on Medico-legal Problems, 1968). 

There is still no adequate understanding of the effect of ethyl alcohol on the human 
brain. The phenomenon of tolerance for alcohol has never been fully explained. The 
psychobiological factors predisposing to alcoholism remain unknown. The reason 
why certain heavy users do not become dependent are unknown. 

Purely biological aspects of the effects of alcohol on the brain require further study 
(WEST, 1972). Alcohol increases neither mental nor physical abilities. Psychometric 
tests indicate that efficiency is decreased. Only in some special circumstances, e.g., 
when release of inhibitions is helpful, may alcohol cause some short-lasting improve
ment of performance. Like morphine, alcohol also causes euphoria, and it changes the 
patient's reaction to pain from one of concern to one of relative detachment (RITCHIE, 
1977). Alcohol anesthesia lasts much longer than conventional anesthesia, and large 
doses may easily and dangerously depress respiration. For these reasons alcohol is no 
longer employed as a general surgical narcotic. 

The diagnosis of alcohol intoxication is frequently quite easy; for the courts, par
ticularly because of accidents resulting from driving of motor vehicles by persons who 
are drunk, the determination of blood alcohol concentration is essential for an assess-
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ment of drunkenness, and permits the establishment of the degree of intoxication. In 
most countries recommendations are similar to those issued in the United States by 
the National Safety Council and the American Medical Association. These recom
mendations can be summarized as follows: if the defendant's blood has a concentra
tion of alcohol of 100 mg-% or over, he should be considered as being under the in
fluence of alcohol; if 50 mg-% or under, not under the influence; if between 50 and 
100 mg-%, other positive evidence indicating the guilt or innocence of the defendant 
must be considered. RITCIDE (1977) provides a number of examples of the relation of 
ingested alcohol beverage dose to blood alcohol concentration: on the average the in
gestion of 44 g of alcohol taken as whisky (40z) or martini cocktail (5.5 oz) on an 
empty stomach results in a blood alcohol concentration of 41-79 mg-%. After a 
mixed meal the concentration would be considerably lower: 30-53 mg-%. The same 
amount of alcohol ingested on an empty stomach as conventional strength beer (1.2 l) 
results in a maximal blood concentration of 41-49 mg-%; after a mixed meal, 
23-29 mg-%. After absorption is complete, the concentration in the blood at some de
sired time (e.g., at the time of the accident) can be estimated from the volume of dis
tribution ofthe alcohol, which is 0.68 ofthe total body weight in men and 0.55 in wo
men, and the metabolic rate of disappearance from the blood, which is about 10-25 
(median 18) mg-%. 

VII. Cardiovascular System 

In general, the effects, particularly the immediate ones, on the heart and circulatory 
system are minor. Moderate amounts of alcohol do not significantly change the cir
culatory functional parameters. The pulse rate may temporarily increase. However, 
in laboratory animals and in men, a depression of the heart was observed after large 
doses. In the rat the concentration required (1250 mg-%) is about 30% greater than 
that which produces respiratory arrest (HAGGARD et aI., 1941). The toxic effect on res
piratory tract function remains the most important preoccupation in acute inebri
ation. However, recent studies make it clear that chronic excessive dependent use of 
alcohol has a harmful effect on the heart (BURCH and GILES, 1974; MYERSON, 1971). 

Alcohol in moderate doses causes vasodilatation, especially of the cutaneous 
vessels, and produces the feeling of warmth and flushed skin. The vasodilatation is 
central in origin since the direct effect of alcohol on vasculary muscles is negligible. 
Alcohol in man in doses sufficient to produce facial vasodilatation does not change 
cerebral blood flow, cerebral metabolism, or cerebral vascular resistance (RITCIDE, 
1977). Only large, intoxicating doses increase cerebral blood flow. Alcohol does not 
significantly dilate the coronary vessels. Its pseudo-nitroglycerinlike action seems to 
be due to its central depressant action. 

VIII. Skeletal Muscles 

The total amount of work accomplished by a person under the influence of small 
doses of alcohol may be increased (MYERSON, 1971; RITCHIE, 1977), mainly due to the 
central action of alcohol (lessened appreciation of fatigue). Large doses of alcohol de
crease the amount of muscular work performed and damage the muscles (SONG and 
RUBIN, 1972). 
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Alcohol ingestion can cause rhabdomyopathy in man (LANE and MASTAGLIA, 
1978). Alcoholic myopathy can be acute, subacute, or chronic (CURRAN and WET
MORE, 1972; EKBOM et al., 1964; KUNKERFUSS et al., 1967; PERKOFF et al., 1967; PITT
MAN and DECKER, 1971). Acute (or subacute) myopathy is related to the ingestion of 
excessive amounts of alcohol and is generally characterized by diffuse or focal tender
ness and muscle cramps. The serum creatinine phosphokinase (CPK) activity is ele
vated, and muscle biopsy specimens frequently show a nonspecific pattern with degen
eration and regeneration of muscle fibers (EKBOM et al., 1964; LAFAIR and MYERSON, 
1978). Chronic alcohol myopathy is characterized by proximal muscle weakness with 
minimal, nonspecific changes on muscle biopsy specimens (EKBOM et al., 1964; PER
KOFF et al., 1967; PITTMAN and DECKER, 1971). An alcohol challenge may be a useful 
diagnostic test in adult patients with unexplained myopathy or elevation in the serum 
CPK activity (SPECTOR et al., 1979). Alcoholic patients who drink large amounts or 
beer while eating little food may develop muscular weakness, dizziness, and confusion 
associated with hyponatremia, and a low serum and urinary osmolarity (hypoos
molarity syndrome). With a low dietary protein intake urea production is reduced and 
is insufficient to maintain the minimum urinary osmolarity; sodium is therefore lost 
in the urine and hyponatremia develops, since beer contains little sodium. Patients 
usually improve rapidly on a normal diet (HILDEN and SVENDSEN, 1975). 

IX. Gastrointestinal Tract 

Gastric and salivary secretions are both psychologically and reflexly stimulated by 
small, individually variable, doses of alcohol. The gastric juice, thus stimulated, is nor
mal in pepsin content and is acidic (RITCHIE, 1977). In addition, alcohol more directly 
stimulates gastric secretion, probably through indirect stimulation of histamine H2 re
ceptors. This stimulation cannot be inhibited by therapeutic doses of atropine. Alco
hol is, consequently, strongly contraindicated in patients with gastrointestinal dis
eases, particularly those with peptic ulcers of the stomacn and/or duodenum. 

Higher doses of alcohol, resulting in the presence of alcohol in the stomach in con
centrations of above 20%, produce a stepwise inhibition of gastric secretion and de
pression of peptic activity. Strong alcoholic beverages (above 40% concentration) ir
ritate the mucosa, cause hyperemia and may provoke inflammation serious enough 
to lead to erosive gastritis (LEEVY et al., 1971). One of three heavy drinkers suffers 
from chronic gastritis (RITCHIE, 1977). Very high doses inhibit gastrointestinal motor 
functions. 

Alcohol in moderate amounts has little deleterious effect on intestinal functions. 
However, in chronic alcohol use a number of abnormalities may occur. Alcohol is an 
etiological factor in acute and chronic pancreatitis (PIROLA and LIEBER, 1974). Alco
holic liver disease is universal wherever alcoholic beverages are consumed. Alcohol is 
the major etiological factor in about two-thirds of cases of liver cirrhosis (Editorial, 
1978). 

Ethanol has a direct toxic effect on the liver and was shown to increase the rate 
at which isolated liver slices synthesize fat. The enhanced lipid anabolism resulting in 
deposition offat in the liver cell occurs because the redox potential ofliver is deranged 
by the constant drain on the coenzyme NAD. The oxidation of ethanol through acet
aldehyde to acetic acid results in an increased NADH:NAD ratio. The consequent re-
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duction in fatty acids oxidation results in hepatic fat deposition. The earliest and most 
common lesion is fatty infiltration, which may develop within 8 days after the start 
of heavy drinking (LIEBER and JONES, 1965). Most patients with fatty liver do not de
velop cirrhosis, but some progress to alcoholic hepatitis, a precirrhotic lesion prognos
tic of later cirrhosis (LIEBER, 1978). Electron microscopy has shown abnormalities of 
the subcellular organelles of liver cells. Structurally the changes are most evident in 
the mitochondria and include swelling and cavitation of the mitochondria, disorien
tation of their membrane convolutions (cristae) and the appearance of inclusion 
bodies (FISCHER and RANKIN, 1977; SVOBODA and MANNING, 1964). Such abnormal 
mitochondria have a reduced capacity to metabolize intermediary products of meta
bolic cycles and to oxidize fatty acids. It is noted, however, that not every mitochon
drial function need be depressed and that individual constituents of the liver cell are 
damaged by alcohol in a varying degree. 

Alcohol may also promote the fatty infiltration indirectly, for it causes the mobi
lization of fat from peripheral tissues (RITclflE, 1977). 

In spite of these effects, in acute alcoholic intoxication in man, hepatic function 
tests do not indicate any great change in hepatic function (BEAZELL et aI., 1942). Du
ration of drinking is important: most patients with alcoholic hepatitis or cirrhosis 
have been drinking heavily for many years (BEAZELL and IVY, 1940; WALLGREN and 
BARRY, 1970). 

x. Miscellaneous 

Alcohol decreases renal tubular reabsorption of water, and hence it exerts a diuretic 
effect. It inhibits the secretion of the antidiuretic hormone. The diuretic effect is dose 
dependent, but repeated doses have an antidiuretic effect (BEARD and KNOTT, 1971). 

It is a popular conviction that alcohol is an aphrodisiac. However, the experimen
tal evaluation of the influence of alcohol on sexual reflexes (RITClflE, 1977) support 
the frequently quoted citation of Shakespeare (Macbeth, act 2, scene 1): Mac Duff: 
What three things does drink especially provoke? Porter: Marry, Sir, nose-painting, 
sleep, and urine. Lechery, Sir, it provokes, and it unprovokes; it provokes the desire, 
but it takes away the performance ... 

In chronic alcohol use atrophic changes were noted in ovaries and testes; aspermia 
and infertility were observed. 

Fetal alcohol syndrome was first recognized in the United States by Ulleland in 
1972 (Government of the USA, 1978). It results in a characteristic pattern of congeni
tal abnormalities including craniofacial and neurological abnormalities and those of 
the extremities. The syndrome is diagnosed in the United States annually in some 
1,400-2,000 newborns, born mostly to alcoholic mothers. OUELLETTE et al. (1977) 
found a high percentage of identifiable abnormalities, in children of heavy drinkers. 
Of 27 women who drank heavily throughout pregnancy, 25 had children with abnor
malities including microcephaly, short fissures of the eyelids, midfacial defects, and 
a flattened elongated vertical groove in the upper lip; abnormal palmar creases; 
joined, deviated or permanently flexed fingers and toes. In nearly half of reported 
cases there were cardiac septal defects, genital malformations, and hemangiomas. 
Prenatal growth retardation, delay in development, and low IQ of affected children, 
were also observed (Government of the USA, 1978; JONES, et aI., 1976). 
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XI. Tolerance 

The repeated use of alcohol results in the development oftolerance. Psychological tol
erance is well known: the inexperienced drinker achieves a much greater response to 
the same dose of alcohol than does the experienced user. Bodily tolerance apparently 
develops gradually, and the user may become dependent. The degree of tolerance 
toward various effects of alcohol may differ individually, but in general the degree 
of tolerance is not as marked as for morphine-like drugs. 

C. Interaction of Ethanol and Other Drugs 
I. General Remarks 
Both acute and chronic ethanol ingestion can alter both the pharmacodynamics and 
pharmacokinetics of other drugs and/or influence their behavioral effects. Action of 
ethanol is particularly visible and evident in concomitant use with psychotropic drugs 
of the depressant type. In general, enhanced effects of all anxiolytics and neuroleptics 
can be observed after ethanol use, if adequate and sufficiently sensitive measures of 
drug effects are used. Psychodepressant drug-alcohol interactions are mostly pharma
codynamic in character; potentiation of depressant action of alcohol on the central 
nervous system is prevalent in the clinical picture. The sedative and hypnotic action 
of alcohol is increased; the mood and intellectual capacity decreases and depression 
of respiration may be fatal. The pattern and magnitude of such pharmacodynamic in
teractions are not easily predicted and are difficult to evaluate because of the un
limited number of possible dose combinations (CARPENTER, 1975, LOEWI, 1953; SEL
LERS and HOLLOWAY, 1978). A further confusion is due to differences in the pharma
cokinetic properties, especially the elimination rate, of each drug. Pharmacokinetic 
drug-alcohol interactions concern the influence of alcohol on resorption, distribution, 
metabolism, and elimination of drugs. Alcohol increases resorption from the stomach 
and intestines, influencing both the vessels and the passage of content in the gastro
intestinal tract. 

Drugs with long biological half-life, such as benzodiazepines, may potentiate alco
hol effects even in cases in which intake of alcohol was 10-11 h preceded by drugs of 
this group. 

Interaction is additionally complicated by changes related to chronic use of alco
hol. It leads to tolerance that frequently decreases the pharmacological actions of 
neuroleptics, anxiolytics and narcotic drugs, if these are given shortly after alcohol is 
eliminated (KALANT et al., 1971; SELLERS and HOLLOWAY, 1978). This phenomenon, 
known as cross-tolerance, may in practice prohibit evaluation of interaction, particu
larly following the use of small doses. SELLERS and HOLLOWAY (1978) emphasize that 
for psychotropic drugs modification of their action by ethanol is probably much more 
important than pharmacokinetic interactions. However, our knowledge of the phar
macokinetics of a great number of drugs is as yet incomplete, and studies on pharma
cokinetic interactions of alcohol and drugs in man are scarce. 

The presence of ethanol in body fluids can alter drug distribution in the brain and 
other tissues. 

There are considerable data indicating the mechanisms by which ethanol might in
fluence drug disposition. It affects not only the central nervous system functions, but 
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also circulation, including tissue blood flow, general metabolism of the body, inter
mediary metabolism, protein synthesis, and function of cell membranes (lSSELBACHER, 
1977; ROTscmLD et aI., 1975; RUBIN and LIEBER, 1967; TOBON and MEZEY, 1971). The 
resulting changes in organ and tissue function may at least contribute to or modify 
completely kinetics of other drugs. Again, it is very difficult to foresee the character 
and direction of changes in effects in view of the complexity of the factors involved. 
In addition, chronic administration of ethanol stimulates drug metabolism, while 
acute large doses inhibit action of some enzymes, e.g., oxidase (KALANT et aI., 1976; 
KHANNA et aI., 1976; PIROLA, 1977; RUBIN and LIEBER, 1968). Alcohol dehydrogenase 
catalyzes the oxidation of alcohol to acetic aldehyde with formation of reduced NAD. 
In chronic users the concentration of NADH in the hepatic cells increases and other 
dehydrogenases, NAD dependent, decrease their activity. The accumulation of 
NADH in the liver is hepatotoxic and results in inhibition of glucose catabolism with 
increase oflactates, compensatory stimulation oflipid synthesis, fatty infiltration, and 
inhibition of neoglucogenesis (DINNENDAHL, 1980). This complex picture is based on
ly partially on human data, and much additional research is necessary to clarify the 
issues. SELLERS and HOLLOWAY (1978) note that if ethanol were to substantially modi
fy drug disposition, dosage adjustment might be required for some drugs with narrow 
margins of safety administered to chronic alcoholics. 

II. Interaction of Alcohol with Psychotropic Drugs 

LINNOILA and MATTILA (1973) determined that the decrease in driving skill following 
the intake of l.2-l.5 g/kg alcohol equalled the decrease resulting when one-third of 
this dose of alcohol was taken concomitantly with a tranquilizer. WmTEHousE et al. 
(WmTEHousE et aI., 1977) have found in rats that blood concentrations ofmethaqua
lone were statistically significantly higher in rats dosed with ethanol than in controls 
receiving only methaqualone. Other animal studies with diazepam (PAUL and WmTE
HOUSE, 1977), glutethimide, SHETLAND and COURI, 1974) pentobarbital (SEIDEL, 1967), 
and tetrahydrocannabinol (SIEMENS et aI., 1977) have also shown modifications of tis
sue drug concentrations. In man the plasma elimination half-life of meprobamate, 
pentobarbital, and tolbutamide is increased by acute ethanol intake (CARULLI and 
MANENTI, 1971; RUBIN et aI., 1970). In the rat ethanol is a less potent inducer of aug
mentation in drug-metabolizing ability of the microsomes (KHANNA et aI., 1972; MIS
RA et aI., 1971; TOBON and MEZEY, 1971). Changes in plasma protein binding of drugs 
due to ethanol intake, although possible, do not seem to have clinical significance 
(KOCH-WESER and SELLERS, 1976; SELLERS, 1978). Alcohol pharmacokinetic inter
actions occur predominantly with uptake-limited binding-sensitive drugs (BLASCHKE, 
1977) e.g., benzodiazepines, phenytoin, tolbutamide, warfarin, etc. Less affected are 
meprobamate, glutethimide, pentobarbital, and phenobarbital, all binding insensi
tive. Resorption of diazepam (HAYES et aI., 1977), barbiturates, meprobamate, and 
amphetamines is increased. Alcohol increases the toxic gastric side-effects of non
steroidal antiinflammatory drugs. In general, SELLERS and HOLLOWAY (1978) con
clude that for psychoactive drugs cross tolerant with alcohol, the direct additive phar
macological action and the extent of central nervous system tolerance to ethanol will 
probably be more important than the effects of ethanol on drug metabolism. 
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fiI. Interaction of Alcohol with Nonpsychotropic Drugs 

Interaction of alcohol with analgesics of the morphine type is particularly dangerous. 
Fatal cases were described (GREENE et aI., 1974; SIMONSES, 1977; SUNDQUIST and PE
TROVICS, 1977). 

Antihypertonics' (methyldopa, guanethidine) orthostatic action is increased by al
cohol. p-adrenolytic drugs' central depressant effects are increased. 

Antidiabetic biguanides producing lactic acidosis interact with alcohol (BLOCH 
and LENHARDT, 1960; CARULLI, et aI., 1971; FITZGERALD et aI., 1962; KATER et aI., 
1969; KREISBERG et aI., 1972; NELSON, 1962; SHAH et aI., 1972; WARDLE and RICHARD
SON, 1971) endangering the life of patients. 

Since alcohol depresses the activity ofNAD-dependent dehydrogenases necessary 
for steroid synthesis, in chronic use the decrease of the level of sex hormones was re
corded, with decrease of libido and symptoms of feminization. 

Interactions of alcohol with sulfonylureas, chloramphenicol, griseofulvin, met
ronidazol, and nitrofurantoin resemble disulfiram-alcohol interactions (FITZGERALD 
et aI., 1962; WARDLE and RICHARDSON, 1971). Bromocryptine decreases alcohol tol
erance. 

In chronic use MEOS enzymes are involved to a larger extent in alcohol metabo
lism. Their participation in metabolism rises from approximately 10% to 25%. Drugs 
susceptible to such enzymes, contained in the endoplasmic reticulum of the liver cell, 
are not metabolized and their level may be increased, leading to stronger or toxic ef
fects. Therefore, in the presence of alcohol the metabolism of some drugs can be 
lowered and their effects potentiated, while in the alcohol-free phase in alcoholics such 
substances are quickly metabolized and their effectiveness diminished. 

Enzyme induction in chronic alcoholism results in lower blood level of dicoumarol 
derivatives, leading to decrease of anticoagulant action. On the contrary, in chronic, 
high use of alcohol, due to liver damage, inhibition of synthesis of coagulation factors 
results; the action of dicoumarol is increased and bleeding readiness can occur. 

Enzyme induction is also the reason for decrease of blood levels of phenytoin. 
Even the occasional use of alcohol may lead to the decrease of anticonvulsant prop
erties of this drug. 

During concurrent use of strong diuretics (furosemid, thiazide derivatives) and al
cohol, an increased frequency of occurrence of acute pancreatitis is noted. 

Hepatotoxic effects of some tuberculostatic drugs (rifampicin, isoniazide) are in
creased by alcohol. Oculotoxic side-effects of ethambutol (retrobulbar neuritis) are in
creased; the chemotherapeutic activity of p-aminosalicylic ilcid is decreased. 

Table 1. Drugs interacting with alcohol 

Amphetamines 
Analgesics, narcotic 
Antidepressants 
Antidiabetics 
Antihistamines 
Antihypertonics 
Anticoagulants 
Anticonvulsants 

Chemotherapeutics 
Cytostatics 
Diuretics 
Hormones 
H ypno-sedatives 
Muscle relaxants 
Neuroleptics 
Tranquilizers 
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Similarly, in cytostatic therapy with methotrexate or podophyllin and their deriv
atives the use of alcohol potentiates the frequency and increases the expression of side
effects (DUKES, 1979). 
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CHAPTER 10 

Behavioral Pharmacology of Alcohol 

N.K. MELLO 

A. Introduction 
Although alcohol is one of the earliest drugs used by man to change behavior and to 
modulate subjective states, less is known about its behavioral pharmacology than 
about many drugs of more recent origin. This is probably due to a complex interweav
ing of social attitudes and beliefs about alcohol which have evolved from a common 
familiarity with drinking and the effects of alcohol intoxication. For many years, the 
assumption that all is known, coupled with denial that alcoholism is a form of drug 
addiction, and ambivalence about problem drinking, tended to limit experimental in
terest in the study of alcohol and behavior (MELLO, 1976b, 1978b). Gradually, over 
the past 15 years, an increasing number of studies have examined the behavioral ef
fects of alcohol in normal social drinkers and in alcohol addicts. The early evidence 
that alcoholism is a form of addiction (VICTOR and ADAMS, 1953; ISBELL et aI., 1955; 
MENDELSON, 1964) has been consistently reaffirmed (MELLO and MENDELSON, 1977 
for review). As more empirical studies have examined the effects of alcohol during in
toxication rather than relying on retrospective self-reports, the limitations of com
monly shared expectancies about alcohol's effects have become increasingly evident. 
The disparities between anticipated and observed effects of intoxication illustrate how 
far we now are from a comprehensive understanding of the behavioral pharmacology 
of alcohol (MELLO and MENDELSON, 1978a for review). 

This review will discuss some methodological issues which continue to affect the 
interpretation of behavioral data (MELLO, 1968). A selective review of clinical research 
will focus on the effects of alcohol intoxication on those aspects of behavior and sub
jective states which are often alleged to account for alcohol abuse. The implications 
ofthese findings for understanding the way in which alcohol maintains behavior lead
ing to its administration, i.e., alcohol's reinforcing properties, will also be considered. 
The clinical aspects of alcoholism, i.e., tolerance and physical dependence, the clinical 
expression and treatment ofthe alcohol withdrawal syndrome, and theoretical models 
which attempt to account for alcohol dependence were described in a previous volume 
of this handbook (MELLO and MENDELSON, 1977). Consequently, this review will be 
restricted to the behavioral pharmacology of alcohol in man and animal models. 

Alcohol has now been shown to be an effective reinforcer in primate drug self-ad
ministration models. The reinforcing properties of alcohol have been demonstrated 
in preparations which are not physically dependent on alcohol. Systematic analysis 
of the variables which influence alcohol self-administration has begun quite recently 
and illustrative studies will be described. Since these data are best understood in the 
context of the struggle to develop adequate animal models of alcoholism, the current 
status of models of alcohol dependence will also be summarized. This review will not 
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include studies of the effects of alcohol on psychomotor performance or schedule-con
trolled behavior, since recent descriptions of these data are available elsewhere (Is
RAELSTAM and LAMBERT, 1975; McMILLAN and LEANDER, 1976; MELLO and MENDEL
SON, 1978 a). 

B. Issues in Measurement and Interpretation 
Clinical studies of the behavioral and subjective effects of alcohol have shown that the 
consequences of intoxication often are not entirely predictable from the dose of alco
hol given or from the blood alcohol level achieved. In addition to physiologic factors 
which influence the rate of alcohol absorption and the effective dose achieved, a num
ber of nonpharmacologic factors, such as expectancy, experience with alcohol, and 
motivation to perform accurately, may also modulate the behavioral effects of alco
hol. Studies of the behavioral effects of alcohol continue to share a series of method
ological problems which often limit the generality of the findings obtained. Some 
frequent common problems are discussed in this section. Several problems are specific 
to behavioral studies of alcohol, and others apply equally to behavioral studies of any 
drug. 

I. Methodological Issues Specific to Alcohol Studies 

1. Blood Alcohol Level Measurement 

Alcohol offers a particular advantage over many other psychoactive drugs for be
havioral studies in man. The effective dose of alcohol can be rapidly and efficiently 
measured, at any point in time, by some variant of a breathalyzer device, which 
measures the concentration of alcohol in expired air (DUBOWSKI, 1970). Consequent
ly, it is not necessary to rely on estimates of effective dosage on the basis of the amount 
of alcohol administered; the effective blood alcohol concentration can be quantita
tively assessed. Direct measures are important because blood alcohol levels are not 
constant through time, but rather rise to a peak and then fall at a rate which is in
fluenced by all of the factors which affect absorption, distribution, and metabolism. 
There are now considerable behavioral data which support Goldberg's (GOLDBERG, 
1943) early observation that the greatest impairment in performance occurs during the 
rising phase of the blood alcohol curve, and there may be no impairment at equivalent 
blood alcohol levels during the falling phase of the curve (JONES, 1973; JONES and 
VEGA, 1972). In animals, alcohol concentration in small samples of blood can be mea
sured with a variety of enzymatic and gas chromatographic techniques. It is also pos
sible to measure alcohol concentration in urine. 

It is unfortunate that many investigators still neglect to determine the effective al
cohol concentration, fail to report blood alcohol levels, and occasionally even fail to 
specify the alcohol dosage. This perpetuates the inconsistent and ambiguous status of 
behavioral data on alcohol. Without information about alcohol dose and blood alco
hoi level it is impossible to compare studies and identify the basis for discrepant find
ings. Some would argue that since alcohol is metabolized at the rate of about I oz per 
hour, it is possible to estimate changes through time, if the initial dose is known. The 
difficulties involved in the quantitative analysis of blood levels of many other psy-



Behavioral Pharmacology of Alcohol 179 

HOURS FAST 

t ,. ALCOHOL ABSORPTION 
CARIIONA 11lN 

ORN\IIIG RATE ~ 

} 
BLOOD 

BODY WEIGHT 

DISTRIBUTION - ALCOHOL 
RELATIVE 
OBESITY 

LEVEL 
ORN\IIIG 

t / EXPERENCE 

METABOLISM 
ALCOHOL 
ADIlICT1CN 

Fig. I. Factors which Influence Blood Alcohol Levels are shown schematically. These are some 
variables which can affect alcohol absorption, distribution, and metabolism. A combination of 
these factors in tum determine the effective blood alcohol level following a standard dose of 
alcohol 

choactive drugs have forced behavioral pharmacologists to rely on this approach. 
However, in studies of alcohol effects, such extrapolations are extremely hazardous 
and almost certainly unjustified because blood alcohol levels are influenced by so 
many factors. Physiologic variables and species differences also affect blood alcohol 
levels in animals. 

Some of the major variables which can affect the concentration of alcohol, follow
ing administration of a standard dose, are summarized in Fig. 1. Each contributes to 
the variability in alcohol absorption or metabolism and to the resulting unpredictabil
ity of alcohol effects for the drinker and the investigator alike. 

2. Alcohol Absorption 

The rate of alcohol absorption determines when peak blood alcohol levels occur. Ab
sorption is influenced by a number of factors, including the presence of food in the 
stomach, the concentration of alcohol consumed, the carbonation of the alcohol ve
hicle, and the speed of drinking. It is essential to specify the number of hours offasting 
before oral alcohol administration. Since alcohol is absorbed primarily from the small 
intestine, food in the stomach will delay the gastric emptying with a resultant delay 
in absorption and peak blood alcohol concentration. Alternatively, if a large amount 
of alcohol is consumed rapidly on an empty stomach, pylorospasm and vomiting may 
occur. Since the emptying time of the stomach is estimated at between 3 VI and 4 h, 
a 6-8 h fast prior to the administration of alcohol will insure that absorption rates are 
not altered by food in the stomach. If alcohol is consumed slowly, normal social drink
ers can usually tolerate doses up to 2 mg/tOO ml without emesis. 

The higher the concentration of beverage alcohol, the more rapid the absorption 
up to a maximum of about 40% - the alcohol concentration of most distilled spirits. 
Distilled spirits, e.g., bourbon, scotch, and gin, will be absorbed considerably more 
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rapidly than low concentration alcohol beverages such as beer and wine. Alcohol is 
absorbed more rapidly in a carbonated vehicle, and for this reason champagne is ab
sorbed more rapidly than still wine. However, distilled spirits have a higher congener 
content than wine or beer, and the rate of alcohol absorption decreases with increasing 
congener concentrations. Rapid drinking will produce a higher concentration of alco
hol in blood than slowly sipping an equivalent amount of alcohol (MOSKOWITZ and 
BURNS, 1975). 

However, the common impression that beer and wine are less intoxicating than 
distilled spirits appears to be incorrect. KALANT and co-workers (1975) examined 
the effects of a standard dose of alcohol (1.3 g/kg), administered in the form of 
rye whiskey, beer, and sparkling wine, on sensory-motor tasks and the physiologic 
variables in normal drinkers. Peak blood alcohol levels ranged between 90 and 
120 mg/l00 ml. No significant differences between the effects of these three alcoholic 
beverages on sensory-motor or physiologic measures were observed at any blood al
cohollevel. The relevant variable influencing performance appeared to be blood alco
hol concentration as a function of dose of alcohol ingested, and not the type of bev
erage consumed (KALANT et aI., 1975). 

3. Alcohol Distribution 

Once alcohol has been absorbed, the effective concentration in the central nervous 
system (CNS) is influenced by the body weight and the relative obesity ofthe subject. 
Following absorption, alcohol is distributed equally throughout body water. Even if 
two subjects are of equal weight, total body water may be less in an obese subject, be
cause water content of tissues which contain a high concentration oflipid is lower than 
a similar tissue mass with high protein content (MENDELSON, 1968). Consequently, an 
obese subject would attain a higher blood alcohol level than a nonobese subject after 
administration of the same alcohol dose, because alcohol would be distributed in a 
smaller total body water pool. Obtaining equivalent alcohol doses in subjects of dif
ferent weights is even more difficult. After the same initial dose, a 180-lb man will have 
a lower blood alcohol level than a 130-lb man, due to the relatively larger body water 
compartment. 

4. Alcohol Metabolism 

Once alcohol has been absorbed and distributed, several factors may affect the rate 
at which it is metabolized. The primary factor is the status of hepatic function. Most 
alcohol is metabolized by the liver, and impairment of liver function may retard the 
rate of alcohol metabolism. The presence of other drugs may also interact with alcohol 
to reduce the rate of metabolism. Malnutrition can also slow the rate of alcohol me
tabolism (SMITH and NEWMAN, 1959; MENDELSON, 1970). 

Suggestions that certain ethnic groups may metabolize alcohol differently (and 
therefore the risk of problem drinking is concomitantly enhanced or reduced) have 
not been substantiated in controlled studies (BENNION and LI, 1976). Differences in 
blood alcohol levels as a function of age or sex (DUBOWSKI, 1976) do not appear to 
be related to metabolism per se, but rather reflect the proportional composition of 
lipid, protein, and water in the body. 
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In summary, these several factors which may interact to accelerate or retard the 
rate of alcohol absorption make it impossible to accurately predict blood alcohol con
centrations following alcohol ingestion. Different behavioral effects may occur at dif
ferent points on the blood alcohol curve and interpretation requires specification of 
the effective alcohol dose through time. There is no substitute for periodic monitoring 
of blood alcohol levels in both clinical and animal studies. Under optimal conditions, 
breath-alcohol values correspond closely to serum alcohol determinations carried out 
with enzymatic or gas chromatographic methods (DUBOWSKI, 1970). However, the ac
curacy of a breathalyzer can be affected by several variables including smoking, eat
ing, residual alcohol in the mouth of the subject, and incorrect calibration of the in
strument. 

II. General Problems of Experimental Design 

There are many methodological considerations which may affect the interpretation of 
data from the clinical and animal studies reviewed in Sect. C and D. Often, these are 
specific and unique to the type of study and the variables measured. However, there 
are also some general problems in design which transcend the specific ones and seri
ously limit generalizations from studies so amicted. 

1. Baseline Assessments 

It is obvious that evaluation of the effect of alcohol upon any behavioral or biologic 
variable requires baseline assessment of that variable under conditions of sobriety. 
Evaluation of normal functioning under nondrug conditions is essential, whether sub
jects are used as their own control, during successive phases of a sequential study, or 
whether subjects are compared with a "matched" control group. Unless a behavioral 
baseline is obtained prior to alcohol intoxication, it is impossible to determine the con
tribution of alcohol to apparent changes in behavior. If one group of subjects per
forms less well than a matched control group, it is impossible to ascertain whether this 
is the effect of alcohol or some preexisting deficit. Although this basic principle of ex
perimental design is so elementary that its elaboration may seem unnecessary, many 
behavioral studies of alcohol effects have neglected to assess baseline functioning. 

2. Sex and Menstrual Cycle Phase 

Failure to control for the sex of the subject may present a further complication. There 
is recent evidence that women develop higher blood alcohol levels than men after an 
equivalent dose of alcohol (JONES and JONES, 1976a, b; DUBOWSKI, 1976). Women al
so absorb alcohol faster and reach a peak blood alcohol level sooner than male con
trols (JONES and JONES, 1976b). These data presumably reflect the fact that alcohol 
is distributed throughout the total body water, and women have less water per body 
unit than men. However, there are no significant differences in the rate of alcohol 
elimination in men and women (DUBOWSKI, 1976). 

Moreover, there is suggestive evidence that blood alcohol levels following a stan
dard dose of alcohol tend to vary as a function of the phase of the menstrual cycle 
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in women. Specifically, blood alcohol levels were higher at ovulation and during the 
premenstruum than at other phases of the menstrual cycle (JONES and JONES, 
1976a, b). The extent to which behavioral and subjective effects of alcohol covary 
with these apparent biologic changes associated with phases ofthe menstrual cycle re
main to be determined, and existing data are inconsistent (MELLO, 1980 for review). 
In studies unrelated to drug effects, there is considerable evidence that objective per
formance measures usually fail to show any menstrual cycle-related changes (SOMMER, 
1973). However, it does appear that sensory acuity may change as a function of men
strual cycle phases (SOMMER, 1973; WARD et aI., 1978). 

Although the replicability and generality of reported sex specific and menstrual 
cycle-related differences in alcohol effects remain to be demonstrated, it is apparent 
that additional controls may be necessary in studies of alcohol effects in women. In 
addition to baseline measures under alcohol-free conditions, it may also be important 
to compare alcohol effects across several phases of the menstrual cycle. 

3. Expectancy About Drug Effects 

Although it is generally agreed that nonpharmacologic, situational, and social factors 
influence reactions to psychoactive drugs, the fact that the expectancy of a drug effect 
can influence behavior even when no drug is given has rarely been considered. The 
potent effects of expectancy have recently been demonstrated in an elegant series of 
carefully designed studies of drug effects (MARLATT and ROHSENOW, 1980 for review). 
It has now been shown that diverse behaviors, such as aggressivity, anxiety, laughter 
in response to humorous stimuli, and arousal to sexual stimuli, may be enhanced by 
the expectation of receiving alcohol, even though an alcohol-placebo was given. On 
tasks involving motor performance, the effects of expectancy were diminished, and 
variables such as reaction time were consistently affected by alcohol. Moreover, alco
hol adversely affected performance of subjects who had expected to receive the place
bo, but subjects who had expected to receive alcohol appeared able to compensate for 
this effect. 

MARLATT and ROHSENOW (1980) argue convincingly for the importance of a bal
anced placebo design to control for the effects of expectancy about drug effects on be
havior. This design involves two groups of subjects; one group expects to receive drug 
and the other expects to receive placebo. Within each of these two groups, half of the 
subjects actually receive drugs and half actually receive placebo. This design permits 
an independent manipulation of the instructions given to the subject and the actual 
substance (active drug or placebo) administered. 

Studies using the balanced placebo design have shown that a wide range of be
haviors are influenced by expectancies about drug effects rather than by the drug it
self. MARLATT and ROHSENOW (1980) conclude that if the effects of alcohol are be
lieved to be positive or desirable, then the effects of expectancy may be as potent as 
the actual effect of alcohol, whereas if subjects believe that drinking may have a neg
ative or undesirable outcome, experimental manipulation of expectancy appears to 
have less impact. 

Since very few of the clinical studies to be reviewed employed a balanced placebo 
design, and the effectiveness of double-blind manipulations is often open to question, 
the possible influence of expectancy is still one further qualification to be considered 
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in evaluation of data obtained. In studies of alcoholic individuals, subjects were 
usually aware that they were receiving alcohol and brought a complex host of expec
tancies to the drinking situation (MCGUIRE et aI., 1966). 

4. Motivation to Perform 

Most studies of the behavioral effects of alcohol require the subjects cooperation and 
performance on some task. Unless subjects are motivated to perform as well as pos
sible, any performance decrement during alcohol intoxication could be accounted for 
by boredom, indifference, or fatigue rather than alcohol. Apparently most investi
gators assume that their subjects will try to perform as well as possible. Subjects are 
often paid for their participation in the study. However, this payment is rarely made 
contingent upon performance accuracy. There is no reason to assume that paid vol
unteers will consistently perform at the upper limits of their capacity unless they are 
specifically paid to do so, i.e., unless the accuracy of their performance results in a 
task-specific reinforcement. The wide diversity of behavioral effects attributed to al
cohol may reflect in part a failure to insure optimal performance by the subject. 

There is a considerable literature attesting to the powerful behavioral control ex
erted by contingent reinforcements. Both student volunteers and alcohol addicts 
might perform better during intoxication if they were reinforced for accurate perfor
mance. It is also essential to establish that the reinforcement offered is an adequate 
reinforcement. Pennies and candy may not be effective reinforcements for college stu
dents. Alcohol appears to be the only reinforcer that will consistently maintain accu
rate performance in alcoholic subjects during intoxication (MELLO, 1972; 1973 b). Dif
ferences in the conditions of reinforcement for accurate performance are probably 
among the most important factors which account for reported differences in perfor
mance on a variety of behavioral tasks during sobriety and during alcohol intoxica
tion. 

5. Attention to the Task 

Certain types of behavioral tasks are more vulnerable to subject distractibility than 
others. Most tasks which attempt to assess some aspect of cognitive function before 
and during alcohol intoxication require the subject to attend to, and perhaps learn, 
some verbal, visual, or auditory stimulus pattern. The potentially devastating effects 
of inattention and distractibility can be illustrated in studies of memory function. Al
though it seems obvious that the subject's attention to the stimuli to be recalled is 
essential for the evaluation of drug intoxication on subsequent recall, this variable is 
seldom controlled, and apparent memory failure during or after alcohol intoxication 
could be a lack of attention to the stimulus to be remembered. Some investigators 
have attempted to manipulate attention by presenting materials which are presumably 
interesting to the subject, such as erotic movies (GOODWIN et aI., 1970). 

A more reliable technique for controlling attention, which is independent of 
stimulus content, is to require an observing response. This is a standard behavioral 
technique commonly used with both human and animal subjects to insure that the 
subject does attend to the discriminative stimulus upon which subsequent perfor
mance is based (e.g., MELLO, 1973b). There are many variations on this procedure, 
which in essence requires the subject to produce a stimulus by some motor or verbal 
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response. It is assumed that the subject is more likely to attend to a self-produced 
stimulus than one which is introduced by the investigator (or the programing appa
ratus). 

6. Patterns of Alcohol Administration 

Alcohol can be given in fixed doses at specified times (programed administration) or 
the subject can control the dose and frequency of alcohol intake (spontaneous admin
istration). Each paradigm has limitations and advantages, and the choice ultimately 
depends upon the type of questions asked. 

Spontaneous alcohol self-administration paradigms necessarily involve unpredict
able variation in alcohol dose and the interval between successive doses. In some in
stances, the spontaneous pattern of alcohol self-administration may be the dependent 
variable of interest in both clinical (MELLO and MENDELSON, 1978c) and animal stud
ies (MELLO, 1976a). It is generally agreed that data obtained under spontaneous alco
hol administration conditions are most behaviorally relevant. However, spontaneous 
administration paradigms are not optimal for study of the effects of alcohol when pre
cise time-dose response curves are essential for interpretation of data obtained. 

Programed drinking regimens are traditionally used in experimental pharmacol
ogy. There is little question that a programed dosage regimen provides better control 
over dose and interdose interval than does a spontaneous alcohol administration 
paradigm. One disadvantage of programed alcohol self-administration is that it bears 
little resemblance to naturalistic alcohol use and may have different biologic as well 
as behavioral consequences. For example, a comparison of alcoholic subjects during 
two successive programed (Q 4 H) or spontaneous drinking periods indicated that 
spontaneous drinking resulted in withdrawal signs and symptoms most concordant 
with real-life drinking patterns (MELLO and MENDELSON, 1970). These data were in
terpreted to suggest that given an equivalent volume and duration of exposure to al
cohol, the essential determinant of the behavioral and biologic concomitants of alco
hol intoxication and alcohol withdrawal is the distribution or pattern of drinking 
through time. Consequently, clinical studies of alcohol withdrawal are probably best 
conducted using a spontaneous drinking paradigm. Alternatively, in studies with ani
mal models, programed alcohol procedures induce physical dependence most rapidly 
and reliably (MELLO, 1976b, for review). 

III. Route of Alcohol Administration 

In clinical studies, alcohol is usually consumed in beverage form by cooperative sub
jects. However, in self-administration studies with animals, the choice of route of al
cohol administration can be a critical determinant of data obtained (MELLO, 1976b). 
It has been repeatedly shown that intravenous and intragastric routes of alcohol ad
ministration are effective and reliable (WINGER and WOODS, 1973; KAROLY et aI., 
1978; ALTSCHULER and TALLEY, 1977). Alcohol is usually reinforcing under these con
ditions of administration. 

Conversely, when alcohol is administerd orally, alcohol is not always reinforcing 
and appears to be noxious to many animals. Use of an oral administration procedure 
makes it especially important to monitor blood alcohol levels, to control variables 
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which may effect delay of absorption, and most important, to devise techniques to in
sure that the animal actually drinks the alcohol presented (MELLO, 1976c, for dis
cussion). Despite the recurrent problems with oral alcohol administration in animals, 
two approaches appear to yield successful control of drinking behavior. Falk and co
workers have used schedule-induced polydipsia procedures to induce alcohol con
sumption in rodents and have succeeded in producing physical dependence upon al
cohol (FALK et aI., 1972; FALK and SAMPSON, 1976). Meisch and co-workers have de
vised a series of procedures to control alcohol consumption in the monkey, and they 
conclude that oral alcohol is reinforcing (MEISCH, 1977 for review). 

Despite these ingenious efforts to control and maintain oral alcohol intake in ani
mals, intravenous administration offers an important advantage for behavioral stud
ies. Each alcohol infusion is rapidly distributed throughout the circulatory system and 
produces an immediate effect. The delay in absorption of alcohol taken orally may 
be 1-3 h (MELLO, 1971). Moreover the delay in absorption may be influenced by all 
the factors previously discussed. Consequently the animal presumably must learn to 
associate the initially noxious taste of alcohol with some delayed "reinforcing" effect. 
Immediate reinforcement is known to be more effective than delayed reinforcement 
in shaping behavior. 

IV. Implications of Behavioral Tolerance 

Tolerance to alcohol can develop as a function of prolonged exposure, just as toler
ance develops to many psychoactive drugs of abuse. When progressively higher doses 
of alcohol are required to produce comparable subjective and behavioral effects, tol
erance is inferred. The three types of tolerance which are common to alcohol addiction 
and other forms of drug addiction are: behavioral tolerance, pharmacologic tolerance, 
and cross tolerance to other potentially addictive drugs (SEEVERS and DENEAU, 1963). 

Behavioral tolerance is illustrated by the fact that alcohol may not induce signif
icant impairment in the performance of behavioral tasks even when blood alcohol 
levels are twice the legal limit of intoxication, i.e., above 200 mg/l00 ml (MELLO, 1972; 
T ALLAND, 1966; T ALLAND et aI., 1964 a, b). The dramatic behavioral tolerance for al
cohol shown by the alcohol addict cannot be accounted for by a more rapid or effec
tive capacity to metabolize alcohol. Alcoholics can perform very well on difficult tasks 
at the time when their blood alcohol levels are above 200 mg/l00 ml (MELLO, 1973 b). 
Some tolerant alcohol addicts can consume between 4/5 and 1 quart of bourbon per 
day, often without signs of gross intoxication (MELLO, 1972; MELLO and MENDELSON, 
1970, 1972). Behavioral tolerance has been observed in alcohol addicts and in moder
ate drinkers under certain conditions (GOODWIN et aI., 1970). The duration of alcoho1-
induced tolerance in man is unknown. 

Most clinical investigators have been insensitive to the possible effects of behavior
al tolerance upon a subject's reaction to alcohol. Many attempt to compare normal 
drinkers with alcoholics, and alcoholics with each other, without indicating the dura
tion of intoxication or sobriety. There is no reason to assume that it is valid to com
pare an alcoholic who has been sober for 1 day with an alcoholic who has been sober 
for 3 weeks or with an alcoholic who is intoxicated. 

Behavioral tolerance may also influence performance in animal studies. In the rat, 
behavioral tolerance has been shown to develop within 3 weeks of daily alcohol ad-
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ministration (LEBLANC et aI., 1969). Following cessation of alcohol administration, 
tolerance began to dissipate within 1 week and returned to baseline levels after 3 or 
4 weeks. It was subsequently observed that rats given alcohol before training on a cir
cular maze or testing on a moving belt developed tolerance to alcohol more rapidly 
than animals trained under identical conditions, but given equivalent doses of alcohol 
after the session (LEBLANC et aI., 1973; LEBLANC et aI., 1976). In both situations, pre
and postsession alcohol groups reached the same maximum level of tolerance, and 
upon cessation of alcohol administration, tolerance was lost at the same rate. The in
vestigators have termed this phenomenon "behaviorally augmented tolerance." They 
conclude that tolerance reflects CNS changes which accompany prolonged exposure 
to alcohol, since blood alcohol levels were equivalent despite improved performance 
in the presession alcohol administration groups (LEBLANC et aI., 1973). 

V. Operational Definitions 

The primary subjective effects of alcohol appear to involve changes in perceived mood 
and self-esteem, social receptivity, aggressivity, sexuality, somnolence, and memory. 
Each of these descriptive terms encompasses a complex of variables which cannot all 
be directly measured. Each is a hypothetical construct which is operationally defined 
by the various measures used for assessment. 

Reification of hypothetical constructs and a tendency toward imprecision and in
consistency in operational definitions is not unique to the behavioral literature on al
cohol. Given that any single construct, such as mood, may be conceived differently 
by each discipline, some degree of inconsistency is to be expected and is often valuable. 
However, when the underlying rationale and assumptions for a particular operational 
definition are not described with sufficient precision to permit critical evaluation, the 
research process can deteriorate into a naming exercise. For example, RUSSELL and 
MEHRABIAN (1975) have criticized studies of the effects of alcohol on emotion because 
of the ambiguity and inconsistency with which emotional states have been defined. 
They conclude that the emotional impact of the given dose of alcohol may depend 
upon the environmental setting, the drinker's prior mood, and the underlying person
ality. To the extent that most research has neglected examination of all of these vari
ables in relation to alcohol, findings in this area are at best inconclusive (RUSSELL and 
MEHRABIAN, 1975). CAPPELL (1975) and CAPPELL and HERMAN (1972) have advanced 
a comparable critique in a review of data relevant to the hypothesis that alcohol con
sumption can be accounted for by its "tension reduction" effects. 

An illustration of the confusion that an imprecise operational definition may cause 
comes from studies of the effects of alcohol on short-term memory function. It is ob
vious that the temporal definition of memory span is essential to any assessment of 
memory function. Nonetheless, short-term memory has been variously defined as 5 s, 
5 min, and 30 min. Some investigators use the descriptive term without providing any 
temporal limits at all. 

Admittedly, the study of subjective variables such as mood present many difficul
ties in measurement as well as definition. It is difficult to devise adequate measures 
of affect which reflect the mood states presumably tested. Since mood changes can on
ly be subjective reports, the assumption that a subject's verbal behavior has some rela
tionship to actual feeling states cannot be satisfactorily established with reference to 



Behavioral Pharmacology of Alcohol 187 

any objective criteria. Variables related to the cooperativeness, expectancy, and com
pliance of the subject may influence answers on a mood assessment inventory as much 
or more than the presence or absence of alcohol. No satisfactory resolution of this 
problem appears imminent, and the usual strategy is to use a combination of several 
apparently sensitive instruments and global clinical impressions. 

C. Clinical Studies of Alcohol Effects 

Alcohol has many varied, and often inconsistent effects on human behavior (MELLO 
and MENDELSON, 1978 a, for review). Among the most prominent of these are changes 
in mood, sociability, sexuality, aggressivity, and relative states of tension or relaxa
tion. Most clinical research has focused upon these variables, in part because it is com
monly believed that related changes in subjective feelings and behavior may account 
for alcohol use and abuse. The belief that alcohol intoxication is consistently associ
ated with an elevation in mood, enhanced sociability and sexuality, and relaxation has 
only recently been challenged. As direct observations of behavior and assessment of 
subjective states during intoxication have replaced reliance on retrospective self-re
ports, the limitations of accustomed beliefs and simplistic formulations about the ef
fects of alcohol have become increasingly apparent. Although drinking may be initi
ated with an intent to achieve the alleged positive effects of intoxication, it now ap
pears that the expected effects often do not occur. 

This section will briefly discuss some of the major finding relevant to the alleged 
subjective and behavioral effects of alcohol intoxication. Many of these studies de
scribed suffer from one or more of the methodological problems noted in Sect. B of 
this review. Nevertheless, a number of concordant findings have emerged despite a di
versity of approaches and frequent procedural limitations. 

I. Alcohol and Mood 
One of the most puzzling findings to emerge from behavioral studies of alcohol ad
dicts is that chronic intoxication may increase rather than alleviate anxiety and de
pression (MELLO and MENDELSON, 1978a). Usually, the severity of depression and 
anxiety tends to increase in alcoholic individuals as heavy drinking continues (ALTER
MAN et aI., 1975). Yet these aversive consequences of intoxication are seldom recalled 
during sobriety, and alcoholics usually report that the anticipated positive effects in 
fact occurred (McGUIRE et aI., 1966; TAMERIN et aI., 1970). 

An alcohol-related despondency does not occur only in alcoholics; social drinkers 
also report increased anxiety and depression after consuming 6-8 oz alcohol (WARREN 
and RAYNES, 1972; WILLIAMS, 1966). An alcohol dose-dependent increase in self-re
ported anxiety was observed in male and female social drinkers over a range of 0.5-
1.2 gjkg (LOGUE et aI., 1978). These data are consistent with the clinical impression 
that the degree of dysphoria and anxiety induced by alcohol appears to be related to 
the dose of alcohol consumed, both in alcohol addicts and social drinkers. Since the 
alcohol addict has greater tolerance for alcohol, larger quantities of alcohol may be 
necessary to produce an increase in depression and anxiety. It is not unusual for an 
alcohol addict to ingest between 26 and 32 oz of distilled spirits each day (MELLO and 
MENDELSON, 1972). 
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Depression and anxiety during intoxication are inconsistent with the common
place notion that alcohol is an effective euphorigen. Supporting clinical data come 
from the high concordance between alcohol intoxication and suicidal behavior 
(GOODWIN, 1973). At low doses, alcohol may have some euphorigenic effects for the 
social drinker (SMITH et aI., 1975) and probably very little effect for the behaviorally 
tolerant alcohol addict. These reactions are undoubtedly influenced by previous expe
rience with alcohol, the pattern, volume, and duration of drinking, as well as expec
tancy and social context. It is interesting that even reports of euphoria in social drink
ers at moderate blood alcohol levels (67-100 mg/100 ml) were not associated with a 
diminution of anxiety and depression (SMITH et aI., 1975). 

II. Alcohol and Aggression 

Since alcohol intoxication often increases feelings of despondency and anxiety, per
haps it is not surprising that aggressive behavior is another frequent accompaniment 
of heavy drinking (TINKLENBERG, 1973; WALLER, 1972; WOLFGANG, 1958; MENDELSON 
and MELLO, 1974). Clinical studies of alcohol addicts during intoxication have consis
tently reported aggressive behavior ranging from sarcasm and verbal insults to threats 
of physical assault, actual assaults, temper tantrums, and occasionally self-destructive 
behaviors (MENDELSON and MELLO, 1974; TAMERIN and MENDELSON, 1969; NATHAN 
et aI., 1970, 1972; STEINGLASS and WOLIN, 1974). It is possible that some critical num
ber of subjects (four or more) facilitates these gross expressions of aggression, since 
comparable increases in aggressive behavior were not observed in pairs of alcoholic 
men given unrestricted access to alcohol, despite increased dysphoria (PERSKY et aI., 
1977). 

Social drinkers also may engage in verbal and physical assaultive behavior during 
intoxication (SMITH et aI., 1975; BOYATZIS, 1974, 1975). Clinical impressions of spon
taneous aggression during drinking are consistent with findings from experiments in 
which aggression is defined by the frequency or intensity of electric shock delivered 
to another individual (TAYLOR and GAMMON, 1975). However, expectancy about al
cohol effects has also been shown to be an important determinant of aggressive behav
ior in an experimental paradigm (LANG et aI., 1975). Subjects who expected to receive 
alcohol exhibited more aggression, defined as intensity and duration of shock admin
istered to another, than subjects who expected to drink tonic. Subjects who expected 
to receive tonic and in fact received alcohol were far less aggressive than subjects who 
expected alcohol and in fact received tonic (LANG et aI., 1975). These data are eloquent 
testimony to the importance of expectancies in influencing the behavioral effects of 
drugs (MARLATT and ROHSENOW, 1980). The investigators suggest that alcohol may 
provide a culturally accepted excuse for behavior such as aggression which is normally 
unacceptable (LANG et aI., 1975; MARLATT and ROHSENOW, 1980). It does appear that 
aggression associated with alcohol intoxication may be facilitated by stereotypes 
about alcohol effects. 

m. Alcohol and Sexuality 

Alcoholic men often report diminished heterosexual desire, diminished sexual activity, 
and impotence. The biologic effects of alcohol which may contribute to these changes in 
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sexuality are discussed elsewhere (MELLO and MENDELSON, 1978 a; MENDELSON et aI., 
1978). A comprehensive review of alcohol and sexual behavior has been prepared by 
WILSON (1977). 

Accumulating evidence that sexual function is compromised by alcohol has now 
been extended to include nonalcoholic, healthy men and women. It is only recently 
that clinical impression and anecdotal accounts have been replaced by careful be
havioral studies of the effects of alcohol on sexual arousal in response to an erotic or 
neutral control film (WILSON, 1977 for review). It has been consistently reported that 
alcohol attenuates sexual responsivity, as defined by measures of penile tumescence 
in healthy young males (BRIDDELL and WILSON, 1976; FARKAS and ROSEN, 1976; Ru
BIN and HENSON, 1976; WILSON and LAWSON, 1976a). Relatively low doses of alcohol 
also decreased sexual responsivity in young women, as measured by photoplethysmo
graphic recordings of vaginal pulse pressure and blood volume (WILSON and LAWSON, 
1976b). However, women reported feelings of enhanced sexual arousal with increas
ing levels of alcohol intoxication. In males, reports of sexual arousal and estimates of 
penile erection were positively correlated with penile tumescence measures (FARKAS 
and ROSEN, 1976; RUBIN and HENSON, 1976). 

Despite evidence to the contrary, male subjects often continue to believe that al
cohol enhances their sexual function. These data illustrate the difficulty in reconciling 
objective and subjective information about sexual behavior. RUBIN and HENSON 
(1976) concluded that "an individual whose threshold for p.enile erection or ejacula
tion has been raised by the ingestion of alcohol may consider this depressant effect 
to be an enhancement of sexual abilities because it increases the time available for sex
ual stimulation of his partner which could well increase the possibility of her being 
brought to orgasm." 

The well-entrenched expectancy about alcohol's effects on sexuality have been 
shown to effect sexual arousal even in the absence of alcohol. Young men were shown 
erotic films and arousal was measured by penile tumescence. Those subjects who be
lieved they had consumed alcohol showed greater levels of sexual arousal than sub
jects who believed they drank only tonic irrespective of whether their drinks in fact 
contained any alcohol (WILSON and LAWSON, 1976b). These basic findings have re
cently been replicated in studies of male social drinkers exposed to normal and deviant 
erotic stimuli. Subjects who believed they had alcohol were significantly more aroused 
by deviant sexual stimuli than subjects who believed they had a nonalcoholic drink 
(BRIDDELL et aI., 1978). 

IV. Alcohol and Tension 

Although alcohol intoxication is usually associated with increased relaxation, the ef
fectiveness of alcohol as a tension reducer has also been repeatedly challenged. CAP
PELL and HERMAN (1972) critically reviewed the animal and human literature and 
found that acute alcohol administration did not consistently result in decreased "ten
sion." STEFFAN and co-workers (1974) studied the effects of alcohol on subjective 
and objective measures of tension in four alcoholic men given free access to 
bourbon for 12 consecutive days. Electromyographic activity was recorded from 
the frontalis muscle. It was found that reports of subjective distress were positively 
correlated with blood alcohol levels, but unrelated to electromyographic activity. 
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There was a significant negative correlation between muscle tension and blood alcohol 
levels (STEFFAN et aI., 1974). 

These data illustrate the problem with an over-inclusive definition of "tension," 
since muscle tension was not correlated with subjective distress reports, and each sub
ject was affected differently by increasing blood alcohol levels. These data suggest that 
"tension reduction" probably is not a viable explanatory construct to account for al
cohol abuse. This impression is strengthened by studies which have shown that ante
cedent naturally occurring or experimentally induced "stress" does not necessarily re
sult in increased alcohol consumption by alcoholics or social drinkers (MELLO, 1972; 
HIGGINS and MARLATT, 1973; MILLER et aI., 1974). The previously described studies 
of aggression, dysphoria, and anxiety as a consequence of drinking would suggest that 
at sufficiently high doses, alcohol may be a more effective "stressor" than tension re
ducer. 

V. Alcohol and Sociability 

Under conditions where both alcohol and socializing are freely accessible, drinking 
is often associated with an increase in social behavior (GRIFFITHS et aI., 1978, for re
view). However, as is evident from the foregoing descriptions of alcohol-related de
pression, anxiety, and aggressivity, the quality of the social interaction may not be 
uniformly pleasant. Socjal behavior has usually been measured by intermittent ob
servations of whether or not the subject is interacting with another person, and the 
type of interchange is not always reported. Moreover, many of the existing studies 
have not used the balanced placebo design which MARLATT and ROHSENOW (1980) ar
gue is essential for controlling for the effects of expectancy. Parametric dose-response 
studies of the effect of alcohol on socialization in alcoholics and social drinkers are 
not yet available. 

Despite these limitations, the question of whether or not alcohol facilitates social 
interaction has been asked in a variety of experimental and naturalistic situations in 
both alcoholics and social drinkers (GRIFFITHS et aI., 1978; MELLO, 1972; MELLO and 
MENDELSON, 1978 a, for review). Under conditions of continuous alcohol availability, 
intoxication does not uniformly increase or maintain spontaneous social interaction. 
THORNTON and co-workers (1976) compared social behavior in male alcoholic 
abstainers and heavy drinkers over a 4-week period of alcoholic availability. 
The abstainers maintained a relatively constant level of socializing throughout the 
baseline and alcohol-available periods of the study. The heavy drinkers increased so
cializing significantly during the first week of alcohol availability. During the final 3 
weeks of alcohol availability, the overall level of socializing decreased somewhat and 
then declined sharply when alcohol was no longer available. Subjects within the ab
staining and heavy drinking group were characterized as extroverted or introverted 
on the Eysenck Personality Inventory (Form A) and this categorization was confirm
ed by observations of actual social behavior. However, alcohol did not appear to af
fect the socialization behavior of introverted alcoholics more than that of extroverted 
alcoholics. The socialization rates of extroverts were higher than introverts in both the 
abstinent and alcohol drinking group, across all phases of the study (THORNTON et aI., 
1976). In studies where alcohol was available intermittently, spontaneous rates of so
cial interaction increased in alcoholic subjects (GRIFFITHS et aI., 1974). 
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In an effort to further analyze the apparent relation'ship between alcohol intoxica
tion and social interaction, NATHAN and co-workers (1970, 1971, and 1972) ex
amined the effect of experimentally controlled social isolation on drinking. In 
the initial studies, 3 days of unrestricted socialization were alternated with 3-day 
periods of complete isolation. Subjects worked at a simple operant task for points 
which could be exchanged for alcohol (20 ml bourbon) or for socialization (15 min 
out of isolation). Given a choice between buying alcohol and buying social interac
tion, these alcoholics preferred to spend their resources on alcohol. Most subjects 
drank about the same amount of alcohol during periods of socialization and isolation. 
When alcoholic subjects were given a choice every 20 min of some money (10-35 
cents) and no social interaction or no money and 20 min of social interaction, subjects 
chose socialization over money on days when they were consuming alcohol (GRIF
FITIIS et aI., 1975). 

GRIFFITIIS and co-workers have also given alcoholic subjects a choice between: (a) 
alcohol and a brief period (10-15 min) of isolation (BIGELOW et aI., 1974); (b) alcohol 
and 40 min of isolation; and (c) alcohol and a time-out from other activities (GRIF
FITIIS et aI., 1978). In each situation, the period of isolation was contingent upon al
cohol consumption. This contingent choice procedure differs from that used by NATH
AN in which points could be exchanged for alcohol, socialization, or both. Several 
other procedural differences also limit comparisons between studies of NATHAN and 
co-workers and studies by GRIFFITIIS and co-workers. For example, GRIFFITIIS' alco
holic subjects were studied sequentially, rather than together, and their interaction op
portunities were with other psychiatric patients or subjects involved in other drug-re
lated experiments. In most other studies of social interaction, groups of three or more 
alcoholics have been studied together. Also, whereas NATIIAN'S subjects were com
pletely isolated from social interaction in individual bedrooms, GRIFFITIIS' subjects 
were usually isolated on the research ward where they could still see, hear, and be close 
to other individuals. 

Although the degree of social isolation was less stringent, alcohol-contingent so
cial isolation effectively suppressed drinking in comparison to baseline conditions 
(GRIFFITIIS et aI., 1978, for review). Alcohol-contingent restriction of activities pro
duced a somewhat greater suppression of alcohol intake (36% of baseline) than the 
alcohol-contingent time-out from socialization (71 % of baseline). When an alcohol
contingent time-out from activity was combined with an alcoholic-contingent time
out from socialization, alcohol intake was further decreased to an average of 24% of 
baseline. Comparable results were obtained whether the contingent time-out pro
cedures were in effect continuously over several days, or intermittently on occasional 
days. Extensions of the contingent relationship between alcohol and drinking to ex
ternal socialization conditions produced similar results in two subjects. Subjects could 
earn prearranged social privileges outside the ward by drinking five or fewer drinks 
each day for a specified number of days. These social contingencies were effective in 
controlling the drinking behavior (GRIFFITIIS et aI., 1978). 

It is evident from the foregoing that drinking behavior can be manipulated by 
contingent socialization or isolation under some conditions, and that spontaneous so
cialization may increase as a function of alcohol intoxication. GRIFFITHS et al. (1978) 
conclude that " ... it is clear that social access is a reinforcer for which alcoholics will 
modify their drinking. However, it is not clear whether ethanol-induced socializing 
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acts as a reinforcer to maintain alcoholics drinking. The fact that alcoholics will con
tinue to drink heavily under conditions of social impoverishment and isolation cer
tainly demonstrates that facilitation of social behavior is not a necessary element for 
the maintenance of drinking" (p.372). 

VI. Implications for Analysis of the Reinforcing Properties of Alcohol 

It now appears that alcohol does not reliably provide the euphoria, relaxation, or re
lief from anxiety and tension usually anticipated. Although social interaction may in
crease during intoxication, verbal and physical aggression may be an important com
ponent of the social interchange. These data are not consistent with the hypothesis 
that alcohol abuse is maintained by its immediate "positive" effects, usually alleged 
to outweigh the delayed adverse social, legal, and medical consequences of alco
holism. Although alcohol abuse is often assumed to magnify and extend the several 
satisfactions of social drinking, it may in fact distort the simplest pleasures and trans
form the expected rewards of intoxication into their antithesis. Despite the powerful 
influence of expectancy, it is not clear why the seeming adverse consequences of alco
hol abuse which occur during intoxication have so little effect on drinking behavior. 
Recall is somewhat selective, and alcoholics interviewed before, during, and after an 
episode of intoxication tended to remember predrinking expectancies, even when 
these were completely at variance with the actual effects of intoxication (McGUIRE et 
ai., 1966). 

Dysphoric effects during intoxication are not unique to alcohol, and many abused 
drugs have now been shown to increase anxiety and depression (MIRIN et ai., 1976; 
MELLO, 1978 a; MELLO and MENDELSON, 1978 b; MEYER and MIRIN, 1979). These clini
cal findings appear somewhat paradoxical, and present many problems for reward
related constructs often advanced to account for alcoholism and drug abuse. Since 
drug self-administration is presumably controlled or maintained by its consequences, 
it may be that these "aversive" consequences are an important aspect of the reinfor
cement for drinking (MELLO, 1977, 1978 a for review). 

In this context, it is of interest to recall that an initial drug experience often has 
a variety of aversive emotional and somatic consequences for the naive user. For ex
ample, alcohol addicts tend to have a clear recollection of their first drink (KUEHNLE 

et ai., 1974), which was often associated with despondency, nausea, and vomiting 
rather than with relaxation and euphoria. The process by which an aversive initial 
drug experience becomes translated into a repetitive drug use pattern is not under
stood, and the contribution of drug tolerance is unclear. It is tempting to postulate 
that the aversive consequences associated with the initial alcohol intoxication event 
may remain an integral part of the reinforcing complex for subsequent alcohol abuse. 

There is considerable evidence that aversive events may control behavior leading 
to their self-administration in animal models (MORSE et ai., 1977; MORSE and KELLE

HER, 1970, for review). One example is the repetitive self-administration of an electric 
shock. Although the aversive properties of electric shock have been amply docu
mented, it has been consistently observed that the same electric shock that can main
tain escape and avoidance behavior, may under certain conditions, be self-admin
istered by the same monkey. A second example of the aversive control of behavior, 
is the self-administration of narcotic antagonist drugs by opiate-dependent monkeys 
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despite the occurrence of opiate withdrawal signs (WOODS et aI., 1975; GOLDBERG et 
aI., 1972). It is now evident that many forms of drug abuse continue despite the recur
rence of seemingly aversive consequences during intoxication (MELLO, 1978 a). 

Since the positive effects of alcohol appear to be so ephemeral and somewhat less 
predictable than both the immediate and delayed aversive consequences, more careful 
attention to the possible role of aversive consequences in maintaining human drug 
self-administration seems indicated. 

Analysis of the reinforcing properties of alcohol abuse clearly requires examina
tion of the actual consequences of drinking. The term reinforcement does not imply 
anything about the nature of the reinforcing event, but rather describes a functional 
relationship between events and behavior. MORSE and KELLEHER (1977) have criti
cized the common tendency to think about reinforcers in terms of the alleged prop
erties of events. It is important to recognize that the same event, alcohol intoxication, 
may have either reinforcing or punishing consequences (i.e., may increase or decrease 
behavior leading to its presentation), depending upon the conditions under which it 
is presented. The dose-response function for subjective effects of alcohol remains to 
be accurately characterized. The critical alcohol dose necessary for a transient feeling 
of well-being at the beginning of a drinking episode has not been determined and the 
influence of alcohol tolerance and expectancy remain to be clarified (MELLO and MEN
DELSON, 1978a). 

At present there are no satisfactory explanations for the repetition of excessive 
drinking and alcohol withdrawal episodes which define the clinical expression of al
coholism (MENDELSON and MELLO, 1979). Further study of the behavioral conse
quences of alcohol intoxication, under controlled conditions, should eventually con
tribute to an improved understanding of this complex behavior disorder. 

D. Behavioral Studies of Alcohol in Animal Models 

Over the past decade there has been a concerted effort to develop animal models of 
alcoholism. This goal has recently been accomplished in several species with a variety 
of techniques. The technological advances necessary for the development of animal 
models of alcohol addiction have also permitted examination of the behavioral phar
macology of alcohol. Although the primary focus remains on alcohol-dependent 
models to examine biologic effects of alcohol intoxication and withdrawal, it is now 
possible to study a number of behavioral questions which have already been addressed 
for many other drugs of abuse (SCHUSTER and JOHANSON, 1974; JOHANSON, 1978; 
GRIFFITHS et a!., 1980). 

I. Animal Models of Alcohol Addiction 

Since the development of animal models of alcohol addiction has been one ofthe most 
significant recent advances in research on alcoholism, it is important to briefly review 
some of the relevant conceptual and methodological issues. A number of comprehen
sive critical reviews of animal models of alcohol addiction are currently available 
(CICERO, 1979; FALK and TANG, 1977; GOLDSTEIN, 1978; MELLO, 1973 a, 1976b, 
1979b; WOODS and WINGER, 1971,1974). 
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Models are now available which fulfill the pharmacologic criteria of alcohol addic
tion, i.e., tolerance for and physical dependence upon alcohol. These criteria are dis
tinct from, and do not necessarily include, oral preference for alcohol. It is somewhat 
surprising that animal models of alcoholism have only been developed within the past 
10 years, since opiate addiction models have been available for decades (SCHUSTER 
and JOHANSON, 1974). This delay appears to reflect an anthropomorphic tendency to 
restrict animal models of alcoholism to oral preference for alcohol, since this is the 
way alcohol is consumed by man. Advocates of preference criteria argue that volun
tary ingestion of alcohol to the point of sustained intoxication, in preference to other 
fluids, is essential for any analog of human alcoholism (LESTER and FREED, 1973). Un
fortunately, most animals do not prefer alcohol, and actively avoid alcohol solutions 
in sufficient concentration to produce any discernible pharmacologic effects (MELLO, 
1976b, c). Although a transient preference for alcohol can be induced by a variety of 
techniques, once the controlling variables are removed there is usually a precipitous 
decrease in alcohol preference (MYERS and VEALE, 1972). Moreover, oral alcohol pref
erence has rarely been associated with tolerance and physical dependence upon alco
hol. One exception to this general finding is the miniature pig (PRESTON et aI., 1972; 
PRESTON et aI., 1973). 

Empirical progress with animal alcoholism models which do not involve a volun
tary preference component would tend to refute the argument that unless an animal 
exhibits spontaneous alcohol selection (LESTER and FREED, 1973) it is not analogous 
or relevant to the condition of human alcoholism. One of the most important findings 
using animal models involved the development of an animal model of cirrhosis in 
which preference for alcohol did not play an important role (LIEBER et aI., 1975). The 
issue is rather one of selecting the most appropriate model for the biochemical, phar
macologic, toxicologic, or behavioral questions asked. 

Animal models of alcoholism can be categorized as either pharmacologic or be
havioral on the basis of the technique used to induce alcohol dependence. In a phar
macologic or forced administration model, alcohol is administered to the experimental 
animals in sufficient doses over sufficient time to induce physical dependence. In a be
havioral or self-administration model, the animal works at a task to obtain alcohol 
or freely ingests alcohol solutions, usually in the context of working for food (MELLO, 
1976a). 

Pharmacologic and behavioral models of alcohol addiction involve a variety of 
procedures which can be further subdivided according to the route of alcohol admin
istration. The route of administration determines the rate at which a pharmacologi
cally effective dose of alcohol is reached, as well as the direction and stability of the 
drug effect. Among the routes of administration that have proven effective in inducing 
alcohol dependence are: oral, intragastric, nasogastric, intravenous, subcutaneous 
(ERICKSON et aI., 1978), and the inhalation of alcohol vapors (GOLDSTEIN, 1972). A 
detailed description and evaluation of the several procedures has appeared in previous 
reviews (MELLO, 1973a, 1976b; CICERO, 1979; GOLDSTEIN, 1978) and will not be de
tailed here. Some problems with oral alcohol administration were described in Sect. B 
of this review (MELLO, 1976c). 

The dose and duration of alcohol exposure required to produce physical depen
dence varies as a function of the species and the technique used to induce addiction. 
Usually, physical dependence develops much more rapidly than has been reported in 
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man (MELLO and MENDELSON, 1977). For example, mice may develop withdrawal 
signs after 36-48 h of alcohol exposure to an alcohol vapor (GOLDSTEIN, 1972). 
Rhesus monkeys given intravenous infusions of alcohol every 8 h until the eye blink 
reflex was lost, may develop withdrawal tremors within 8 days, and severe withdrawal 
signs within 16 days of chronic infusion (TARIKA and WINGER, 1979). A comparable 
time course of physical dependence development was observed in rhesus monkeys giv
en alcohol nasogastrically (ELLIS and PICK, 1970). The time course and expression of 
the alcohol withdrawal syndrome in some rodent and primate models is comparable 
to that in man. 

The relative value of pharmacologic versus behavioral models is entirely depen
dent upon the types of questions that are subsequently asked. One advantage of a 
pharmacologic (forced administration) model is that the induction of physical depen
dence upon alcohol has been consistently more rapid and reliable than with behavior
al (self-administration) techniques. The rapid induction of physical dependence 
provides an extremely important tool for assessing the end product of addiction, al
cohol withdrawal. It is probably the most practical and efficient way to induce alcohol 
dependence in order to examine neural, endocrine, and metabolic correlates of alcohol 
withdrawal and to assess the effects of various pharmacologic agents or other forms 
of intervention on the alcohol abstinence syndrome. In studies which require chronic 
long-term exposure to alcohol, a pharmacologic forced administration procedure 
provides stable and reliable alcohol doses. 

The major disadvantage of a pharmacologic model of alcoholism is that there are 
few meaningful behavioral questions about the addictive process that can be examin
ed with these procedures. Pharmacologic models are limited to studies of the effects 
of alcohol on various aspects of behavior. Behavioral pharmacologists are primarily 
interested in the identification and analysis of the processes involved in drug-related 
reinforcement (KELLEHER et aI., 1976). Since drug self-administration behavior pre
sumably is maintained by its consequences, analysis of the variables which maintain 
drug use and abuse are of critical importance. This is why an adequate behavioral 
model of alcohol addiction must show that alcohol functions as a reinforcement, in 
addition to fulfilling the pharmacologic criteria of tolerance and physical dependence 
(WOODS and WINGER, 1974). Behavioral (self-administration) models facilitate the ex
amination of factors which contribute to the development of the addictive process as 
a function of time. Eventually, behavioral models should permit the identification and 
subsequent manipulation of environmental determinants which affect the acquisition 
and maintenance of addictive drinking (MEISCH, 1977). 

II. Behavioral Studies of Alcohol Reinforcement 

WINGER, WOODS, and co-workers have systematically analyzed the reinforcing prop
erties of alcohol using a monkey intravenous self-administration model (WOODS and 
WINGER, 1971; WOODS et aI., 1971; WINGER and WOODS, 1973; KAROLY et aI., 1978) 
and have compared alcohol to other reinforcing drugs such as codeine (CARNEY et aI., 
1976). Their major findings concerning the effects of alcohol dose per injection, 
alcohol pretreatment, and duration of access on intravenous alcohol self-administra
tion are described in the remainder of this section. Alcohol also has been shown to 
maintain behavior leading to its administration when presented nasogastrically 
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(yANAGITA, 1968; 1970), intragastrically (ALTSHULER and TALLEY, 1977), and orally 
(MEISCH, 1977). However, the intravenous model will be the focus of this review, 
since the widest range of behavioral pharmacologic studies have been conducted 
with that preparation. 

There is considerable variation in the initial reaction to drugs among naive mon
keys and across drug types. Systematic comparisons of the development of drug self
administration behavior in large groups of naive monkeys given access to a variety 
of drugs under identical conditions have not been published. Moreover, the difficul
ties in studying acquisition make it unlikely that such a compendium will become 
available. Lacking such information, it is difficult to assess the significance of the fact 
that only 6 of 14 naive monkeys initiated intravenous alcohol self-administration 
within 10 days of continuous access to alcohol (0.1 g/kg/int) on a continuous reinfor
cement schedule (CRF) (WINGER and WOODS, 1973). Moreover, only 8 of 12 naive 
monkeys initiated intragastric alcohol self-administration (100 mg/kg/int) on a CRF 
schedule under continuous access conditions (ALTSHULER and TALLEY, 1977). WINGER 
and WOODS' recalcitrant monkeys were later exposed to cocaine (0.5 mg/kg/int) or 
sodium methohexital (0.5 mg/kg/int) under the same schedule conditions. Ethanol 
was then substituted for cocaine or sodium methohexital after monkeys were respond
ing for these drugs. Each animal continued to self-administer alcohol, and differences 
in patterns and amount of alcohol intake between monkeys with different drug initi
ation histories were unremarkable. WINGER and WOODS (1973) emphasize that alcohol 
dose and access time were more important determinants of alcohol self-administra
tion than the initiating conditions. The observation that higher alcohol doses (0.2 vs 
0.1 g/kg/inj) increased alcohol self-administration in some monkeys, led WINGER and 
WOODS to suggest that there may be a dose-time threshold for alcohol reinforcement. 
If too few injections occur over long interinjection intervals, the reinforcing property 
of the drug may not be established (WINGER and WOODS, 1973). 

1. Effects of Alcohol Dose Per Injection on Alcohol Self-Administration Patterns 

Recent studies have shown that intravenous alcohol is an effective reinforcer over a 
wide range of doses (KAROLYet aI., 1978). After 20 or more sessions at an alcohol dose 
of 0.1 g/kg/inj, monkeys were exposed to each off our other doses (0.05, 0.075, 0.15, 
or 0.2 g/kg/inj) for at least five 3-h sessions. The alternative doses were presented in 
an irregular sequence. Each dose change was followed by five or more sessions at the 
accustomed alcohol dose (0.1 g/kg/inj). It was found that the number of alcohol injec
tions during each 3-h session were inversely related to the dose per injection over an 
eightfold range. Moreover, there was a slight, nonsignificant tendency for total alco
hol intake per session to increase with increasing doses per injection. Monkeys usually 
adjusted their self-administration behavior to the dose per injection within the first 
3-h session of exposure. However, responding maintained by the accustomed dose of 
alcohol (0.1 g/kg) was stable over the course of the study. 

A similar pattern of responding occurred at each alcohol dose, Le., more injections 
at the beginning of the session and fewer as the session continued. The decrease in the 
rate of alcohol injections occurred soonest at the highest dose per injection (0.2 g/kg/ 
inj). Figure 2 shows patterns of alcohol injections cumulated over 15-min segments 
and averaged over five consecutive 3-h sessions for each of three monkeys. The dose 
of alcohol per injection is shown above each cumulative curve. 
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Fig. 2. The effects of Alcohol Dose on Alcohol Self-Administration are illustrated. The effects 
of varying the injection dose of ethanol on patterns of intrasession alcohol injections for three 
monkeys (219,289, and 350). Abscissa, each number designates the number of I5-min segments 
in a 3-h alcohol self-administration session. Ordinate, the cumulative number of alcohol injec
tions received. Injections were cumulated in 15-min segments over a 3-h session and averaged 
over five consecutive sessions. When more than five sessions were available at a given dose, 
those used in the figure were randomly selected from those available. The numbers associated 
with the arrows indicate the ethanol dose (gjkg) that was administered following each lever re
sponse. KAROLY et al. (1978), reprinted with permission 

In contrast to these findings in monkey, increases in alcohol dose per ingestion 
from 1.86 to 11.14 g in human drug abusers resulted in an increase in the number of 
drinks per session (GRIFFITHS et aI., 1976). Increases in the dose per ingestion of diaze
pam and pentobarbital produced similar results. Although species and procedural dif
ferences limit comparisons between these studies, the overall range of doses studied 
is probably the critical determinant of effects on self-administration behavior. In pro
cedures in which the rate-decreasing effects of successive drug injections cannot con
found evaluation of relative dose preference, higher doses are usually preferred to 
lower doses, up to some critical dose level (JOHANSON, 1978 for discussion). 

When the reinforcing properties of intravenous ethanol and codeine were com
pared, it was found that ethanol maintained behavior leading to its administration as 
effectively as codeine (CARNEY et aI., 1976). Three naive monkeys were trained to self
administer codeine (0.1 mg/kg/inj) and two naive monkeys were trained to self-admin
ister ethanol (100 mg/kg/inj) on ascending values of a variable interval schedule. The 
effects of a range of doses of codeine (0.003-1.0 mg/kg/int) and ethanol (32.0-560 mg/ 
kg/int) were examined in I-h sessions, under a final schedule of VI 2 min. Response 
rates were highest at a codeine dose of 0.01 mg/kg/inj and an ethanol dose of 180 mg/ 
kg/inj. Higher and lower doses of each drug resulted in lower rates of responding. Pat
terns of responding for ethanol and codeine were negatively accelerated within a 
session. Although codeine produced minimal signs of intoxication at the doses stud
ied, alcohol doses of 180 mg/kg/inj and above resulted in ataxia and impaired corneal 
reflexes. Blood alcohol levels were not reported (CARNEY et aI., 1976). These data con-
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form to the inverted U -shaped function often reported when dose changes are plotted 
against drug infusions (DOWNS and WOODS, 1974; JOHANSON, 1978, for review). 

2. Effects of Saline Substitution 

Evidence that alcohol, rather than any other factor, was the variable controlling re
sponse behavior has been shown by substituting saline for alcohol (WINGER and 
WOODS, 1973; KAROLY et aI., 1978). Monkeys did not maintain responding for saline 
and stopped responding more rapidly after repeated exposures to saline. Alcohol
maintained responding was immediately resumed when alcohol was again substituted 
for saline. 

When animals were pretreated with 2 g/kg alcohol immediately before the session, 
and saline was substituted for alcohol during the session, responding seemed to vary 
as a function of saline self-administration rates during sessions when no alcohol pre
treatment was given (KAROLY et aI., 1978). Two monkeys that rapidly discriminated 
saline from alcohol under the no pretreatment condition, increased the number of sa
line self-injections following alcohol pretreatment. Monkeys that self-administered 
saline at a rate approximately equivalent to previous rates of alcohol self-administra
tion did not show a concomitant increase following alcohol pretreatment. 

Subsequently, monkeys were given only saline during 3-h sessions over 17 days 
and were pretreated with alcohol (2 g/kg) on alternate days. Alcohol pretreatment 
consistently increased the number of saline injections in comparison to the previous 
session, but this effect gradually diminished over the period of saline exposure. How
ever, when saline sessions were alternated with ethanol sessions, and each saline 
session was preceded by pretreatment with alcohol, more saline injections were ad
ministered than in the absence of alcohol pretreatment (KAROLY et aI., 1978). The in
vestigators suggest that the discriminative stimulus potency of ethanol may decrease 
under conditions when ethanol is no longer available as a reinforcer (KAROLY et aI., 
1978). Alternatively, it may be that pretreatment with ethanol impaired the monkeys 
capacity to discriminate alcohol from saline and therefore tended to maintain saline
contingent responding. 

3. Effects of Alcohol Pretreatment on Alcohol Self-Administration Patterns 

After monkeys had self-administered alcohol (0.1 g/kg/inj) on a continuous reinforce
ment schedule during 3-h access conditions for at least 15 sessions, the effects of al
cohol or saline pretreatment on alcohol self-administration patterns was examined 
(KAROLYet aI., 1978). Each ofthree doses of alcohol (1.0, 2.0, or 3.0 g/kg) was infused 
through the intravenous catheter immediately before a daily 3-h session. Each pre
treatment dose was separated by a I-week interval. It was found that alcohol intake 
was reduced by exactly the dose of alcohol given prior to the self-administration 
session. These data confirm and extend previous reports of the effects of ethanol pre
treatment on intravenous alcohol self-administration (WOODS et aI., 1971). The effect 
of alcohol pretreatment on alcohol intake by three monkeys is shown on the left of 
Fig. 3. 

Despite the consistent dose-related decrease in total alcohol intake, the temporal 
pattern of alcohol self-injection within a session was similar across pretreatment doses. 
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Fig.3a, b. The Effects of Alcohol Pre-Treatment on Alcohol Self-Administration are illus
trated. a The effects of various ethanol pretreatment doses on ethanol intake in three monkeys. 
Abscissa, dose of alcohol in g/kg given immediately before a 3-h session in which each response 
on the lever resulted in injection of 0.1 g/kg ethanol. S, saline, average ethanol intake following 
saline injections; B, baseline, average ethanol intake without pretreatment. Each point is the 
mean of at least four observations at the designated condition ± 1 sem. b The pattern of ethanol 
intake in daily 3-h sessions for one monkey (258). Abscissa, successive IS-min segments in a 3-h 
session. Ordinate, cumulative ethanol administered (g/kg), i.e., the intake incremented by 
amount given before the session. The pattern of self-injection of ethanol was averaged over at 
least three sessions at each pretreatment dose and cumulated in IS-min sements over a 3-h 
session. Although data for this monkey (258) suggest an inverse relation between the alcohol 
pretreatment dose and total alcohol intake after 3-h, this was not true of other monkeys. 
KAROLY et al. (1978), reprinted with permission 

The pattern of alcohol intake during each 15-min segment of daily 3-h sessions follow
ing pretreatment with saline (.) or ethanol at doses of 1.0 g/kg (0), 2.0 g/kg (.), and 
3.0 g/kg (0) is shown at the right of Fig. 3. 

Although it is not surprising that alcohol pretreatment reduced the level of alcohol 
self-administration since comparable effects have been seen on opiate self-administra
tion following pretreatment with opiates (JOHANSON, 1978), the effect of alcohol pre
treatment has been an issue of acrimonious debate in the clinical literature. One per
sistent myth about the effects of small doses of alcohol on subsequent drinking by al
coholics is that one drink is sufficient to unleash an episode of uncontrolled drinking. 
Despite the considerable evidence contrary to this belief (MELLO, 1975 for review), the 
notion that alcohol exposure can induce alcohol "craving" and uncontrolled drinking 
continues to influence treatment strategies for alcohol problems. This belief is central 
to treatment approaches which require total abstinence (PATTISON, 1976). 

Clinical studies of drinking behavior following pretreatment with alcohol have 
yielded inconsistent results. BIGELOW et al. (1977) report that four alcoholic men in
creased the number of drinks per session from approximately two to more than eight 
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drinks after pretreatment with 33.3 and 77.7 g ethanol. Pretreatment with 11.1 g alco
hol did not produce a change in drinking in comparison to the baseline. Conversely, 
20 casual and 14 heavy social drinkers did not increase alcohol consumption during 
a 6-h period following a "happy hour" (BABOR et aI., 1978). Alcohol was available at 
one-half the usual price for 3 h each day during a 20-day period of alcohol access. Sub
jects drank significantly more during the happy hour. However, there were no signif
icant differences in drinking between subjects participating in the happy hour and 
controls during the 6 h following the happy hour. BABOR and co-workers (1978) con
clude that the happy hour condition did not exert a kindling or priming effect on sub
sequent alcohol consumption. Further studies comparing the effects of alcohol pre
treatment on drinking by alcoholics and heavy drinkers, under comparable con
ditions, would be necessary to determine if these discrepant findings primarily reflect 
differences in subject variables. 

Expectancy has also been shown to be a powerful determinant of drinking after 
alcohol pretreatment. MARLATT and co-workers (1973) found that both alcoholics 
and social drinkers who believed that they were drinking alcohol drank more than 
subjects who believed they were receiving placebo, regardless of the actual alcohol 
content of the beverage. 

In a recent review of the effects of preloading with alcohol, opiates, and stimulants 
in man and animal models, GRIFFITHS et aI., (1980) conclude that the previous drug 
baseline is a critical controlling factor. In general, a preload superimposed on a low 
drug self-administration baseline tends to increase drug intake, whereas a preload 
superimposed on a high drug self-administration baseline is unlikely to result in a fur
ther increase and may in fact decrease subsequent drug self-administration. This ap
pears to be a parsimonious interpretation of an otherwise conflicting literature. 

4. Effects of Duration of Alcohol Access on Alcohol Self-Administration 

We have seen that patterns of responding within a session are controlled by the dose 
of alcohol per infusion and the presence or absence of alcohol pretreatment (WINGER 
and WOODS, 1973; KAROLY et aI., 1978). The effects of the schedule of reinforcement 
on alcohol-maintained responding have not been systematically studied and with only 
occasional exceptions (CARNEY et aI., 1976) investigators have used a CRF. 

However, day-to-day patterns of alcohol self-administration appear to be con
trolled by the number of hours of alcohol access. Under conditions of unrestricted, 
24-h access to alcohol, a recurrent alternation of periods of sustained intoxication 
with periods of self-imposed abstinence has been observed in the intravenous monkey 
model (DENEAU et aI., 1969; WOODS et aI., 1971), the intragastric monkey model (ALT
SHULER and TALLEY, 1977), and in alcoholic men (NATHAN et aI., 1970; MELLO and 
MENDELSON, 1972). The similarity between alcohol self-administration patterns in 
men and monkey models is striking. 

Under conditions of continuous access, a number of other drugs are also self-ad
ministered in a cyclic pattern in both the intravenous and intragastric model. For ex
ample, daily self-administration of morphine, cocaine, pentobarbital, and caffeine 
showed episodic increases and decreases in an intravenous monkey model (DENEAU 
et aI., 1969). Cyclic patterns of intragastric self-administration of pentobarbital, 
methaqualone, methadone, d-amphetamine, and cocaine have also been observed 
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Fig. 4. Effect of hours of access on alcohol self-administration. Periods of 24-h access were al
ternated with periods of 3-h access to alcohol. This monkey was given 24-h access to 0.1 g/kg/inj 
ethanol until responding terminated and withdrawal ensued. When responding increased again, 
the access was limited to 3-h per day for approximately 10 days, and then the 24-h access con
dition was reinitiated. Occurrences of withdrawal signs are indicated by arrows. WINGER and 
WOODS (1973), reprinted with permission 

(ALTSHULER et aI., 1975; ALTSHULER and PmLLIPs, 1978). Over the course of many 
episodes of several days of high drug intake, alternating with several days of low drug 
intake, animals increase the amount of drug taken during each successive epoch. Total 
drug intake therefore tends to increase over time (ALTSHULER and PmLLIPS, 1978). 

WINGER and WOODS (1973) have compared the effects of unrestricted, 24-h access 
and limited, 3-h access on patterns of intravenous alcohol administration in seven 
rhesus monkeys. Alcohol (1.0 or 0.2 g/kg/inj) was available on a continuous reinfor
cement schedule (CRF). Unrestricted access conditions were associated with episodic 
intoxication and abstinence as was previously observed. Monkeys took relatively high 
doses of alcohol (8 g/kg/24 h) and showed signs of physical dependence upon cessa
tion of alcohol-maintained responding. Blood alcohol levels were not reported. 

However, when alcohol access was limited to only 3 h each day, and all other con
ditions were identical, a very different pattern of alcohol self-administration was ob
served. Animals self-administered less alcohol although in a relatively stable pattern. 
During the limited access condition, animals averaged between 3 and 5 g/kg per 3-h 
session. The contrast between the stable daily alcohol intake under 3-h access con
ditions and the variable self-administration patterns under the 24-h access conditions 
is clearly illustrated in Fig. 4. 
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Within each alcohol self-administration session, the pattern of operant responding 
on a CRF schedule of reinforcement conformed to that usually seen with drugs which 
exert depressive effects on the central nervous system (BALSTER and SCHUSTER, 1973). 
Specifically, animals responded at a high rate to obtain frequent alcohol injections 
early in the session, and as intoxication levels increased, the interval between succes
sive alcohol injections also increased (WINGER and WOODS, 1973). 

These observations of the effects of duration of alcohol self-administration 
sessions on alcohol intake were subsequently reaffirmed by KAROLyet al. (1978). Ani
mals given 3-h access to alcohol showed stable alcohol self-administration patterns 
from day to day. The average alcohol intake was 4 g/kg, which yielded average blood 
alcohol levels of 405 mg/IOO ml. Animals exposed to a 6-h access condition took 
about 1 g per kilogram per session more than monkeys in the 3-h access condition and 
achieved slightly higher average blood alcohol levels (431 mg/IOO ml). Again, there 
was no evidence of signs of physical dependence in the 18-21 hour intervals between 
daily sessions. 

E. Conclusions 

There has been considerable progress in clarifying the basic clinical pharmacology of 
alcohol intoxication and in defining some of the variables which influence alcohol self
administration in animal models. Some consistent findings about the effects of alcohol 
on behavior have emerged, despite the pervasive methodological problems which con
tinue to plague studies of the behavioral pharmacology of alcohol. Although a clearer 
characterization of the dose-response relationships which determine the behavioral 
and subjective effects of alcohol is urgently needed, it does appear that alcohol intoxi
cation is often less benign and pleasurable than was once believed. These data illus
trate how little is known about the reinforcing properties of alcohol and the deter
minants ofthe way in which alcohol maintains behavior leading to its self-administra
tion. A focused behavioral analysis of the actual consequences of alcohol intoxication 
should eventually lead to a clearer understanding of the variables which maintain al
cohol use and abuse. 

Traditionally, alcohol and alcoholism have been studied separately, and there has 
been relatively little interest in examining the similarities and differences between the 
acute and chronic effects of alcohol and other drugs. A comparative analysis of the 
behavioral pharmacology of many drugs, including alcohol, is one important area for 
future studies. Although alcohol is frequently used in combination with other drugs, 
little is known about the behavioral consequences of various polydrug combinations 
involving alcohol. It is evident that the list of unanswered questions far exceeds the 
current reservoir of information about the behavioral pharmacology of alcohol. 
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CHAPTER 11 

Biochemical Pharmacology of Alcohol 
J. ELLINGBOE and J.H. MENDELSON 

A. Introduction 
During recent years, a large amount of data has been obtained describing the diversity 
of alcohol actions on biologic systems. While the study of opiate drugs has led to the 
discovery of endogenous opioid peptides and specific receptors mediating their ac
tions, investigations of alcohol have revealed increasingly complex primary effects 
and a multitude of secondary biologic consequences. In contrast to opiate alkaloids 
and endogenous peptides, ethanol is lacking in informational content. Its much sim
pler molecular structure is less likely to be able to interact specifically with a particular 
putative receptor. Because of its physical and chemical properties, ethanol can be con
sidered to have dual actions on biologic systems. Like other nonspecific anesthetics, 
it produces some of its effects because of its particular balance of polar and nonpolar 
interactions with biologic membranes. The other important property of ethanol is that 
of an oxidizable substrate, with multiple consequences that include perturbation of 
normal metabolism and the production of the highly reactive and potentially toxic 
agent, acetaldehyde. 

In a preceding volume of this series, SMITH (1977) has already provided an exhaus
tive survey and discussion of sites and mechanisms of action of sedative-hypnotics, 
anesthetics, and alcohol. We have also chosen to review effects of alcohol on the cen
tral nervous system, however, only selected topics related to biochemical mechanisms 
will be presented. We will focus particularly on the effects of ethanol on brain metab
olism, neurotransmitters, and membrane function. Because of space limitations, cer
tain areas of current research on alcohol, such as those related to genetics, the effects 
on neuroendocrine systems, alcohol preference, and behavior, are not considered in 
our discussion. Tolerance, dependence, and withdrawal are discussed with respect to 
particular biochemical effects of ethanol. 

B. Physical and Chemical Properties of Ethanol 
Many of the biologic effects of lower aliphatic alcohols appear to be correlated with 
their physical and chemical properties. Like water, these alcohols have high dielectric 
constants, an indication of strong hydrogen bonding due to polar hydroxyl groups. 
Such properties result in a relatively high boiling point for ethanol compared to its 
corresponding hydrocarbon, ethane. With the addition of methylene units, lengthen
ing the hydrocarbon chain, hydrophilicity of the lower alcohols does not decrease 
greatly, but rapidly increasing van der Waals/London interactions between hydrocar
bons result in enhanced lipophilicity. Nevertheless, the affinity of ethanol toward a 
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strongly lipophilic phase is small compared with that of the higher alcohols. The 
triolein-water partition coefficient for ethanol is only 0.035, compared to 59.0 for N
octanol (25 QC). 

The partitioning of alcohols between biologic membranes and physiologic buffer 
solutions parallels the affinity for extremely lipophilic (oil) phases. For methanol and 
ethanol, the stronger intramolecular forces between hydroxyl groups predominate. 
These alcohols are infinitely soluble in water and appear to move freely across biologic 
membranes, primarily as a function of the concentration gradient. Studies with syn
thetic and natural biologic membranes indicate that ethanol does not penetrate deeply 
into the hydrophobic regions of the membrane. Because ethanol cannot easily move 
through the membrane lipid bilayer, it must diffuse into cells through the channels 
that regulate entry of cations and certain organic molecules. Unlike water, however, 
ethanol is potentially oxidizable, with a caloric value of 7.1 cal/g. The extent of oxi
dation depends upon the oxidative capacity of each particular cell type. 

C. Peripheral Actions of Ethanol Having Indirect Effects 
in the Brain 

Before discussing the direct action of alcohol on the brain, we should not neglect the 
possibility that ethanol might affect the central nervous system indirectly, as a conse
quence of its peripheral metabolism. Quantitative and qualitative changes in blood
borne substances that normally pass the blood-brain barrier, or that might affect the 
transport of other compounds into the brain, can alter central nervous system func
tion. Among such substances are acetaldehyde, steroid hormones, glucose, amino 
acids, and lipids. 

The major site of acetaldehyde production from ethanol is the liver, where 
90%-95% of ethanol metabolism occurs. The most important route of ethanol oxi
dation in the liver is through catalysis by alcohol dehydrogenase (alcohol NAD oxi
doreductase; EC 1.1.1.1.), a zinc-containing cytoplasmic enzyme of low substrate 
specificity that requires nicotinamide adenine dinucleotide (NAD) as a cofactor. 
Other liver enzymes such as catalase and the microsomal ethanol oxidizing system 
(MEOS) are quantitatively less important in the normal metabolism of ethanol, al
though there is now considerable evidence to support early reports of an adaptive in
crease in MEOS activity during long-term ethanol consumption (LIEBER and DECAR
LI, 1968). Another NAD-requiring enzyme, aldehyde dehydrogenase (aldehyde NAD 
oxidoreductase; EC 1.2.1.3.), located primarily in mitochondria, catalyzes the oxida
tion of acetaldehyde to acetate. Acetate is the main product of ethanol metabolism, 
entering the general circulation and acting as a substrate in the Krebs cycle. 

Acetaldehyde is also produced and released into the blood during ethanol oxida
tion. For technical reasons, the extent of acetaldehyde transport into the brain, and 
the levels of acetaldehyde in brain tissue, have been difficult to assess until recently. 
Some earlier studies had indicated that ethanol caused large increases in brain acet
aldehyde, but with the use of more modern procedures, which avoid nonenzymatic 
acetaldehyde formation from ethanol, SIPPEL (1974) and others (SIPPEL and ERIKSSON, 
1975; TABAKOFF et aI., 1976) have found very little acetaldehyde in the brain following 
ethanol administration. Nevertheless, acetaldehyde inhalation experiments do in-
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crease the acetaldehyde level in brain tissue and cause physical dependence on acet
aldehyde and cross-tolerance to ethanol (ORTIZ et aI., 1974). Furthermore, a role for 
acetaldehyde in alcohol dependence is indicated by findings that an acetaldehyde de
hydrogenase inhibitor (cyanamide), with or without acetaldehyde administration, was 
effective in decreasing the symptoms of ethanol withdrawal (DEITRICH and ERWIN, 
1975). Some investigators now believe that acetaldehyde, from both central and pe
ripheral sources, may playa role in the neuronal effects of alcohol by condensing with 
biogenic amines to form pharmacologically active alkaloids (see Sect. D. V.). 

On the other hand, the results of many studies suggest that alcohol itself is the im
portant pharmacologic agent in the development of ethanol dependence. An alcohol 
dehydrogenase inhibitor (pyrazole) has been used to facilitate the development of 
physical dependence on ethanol (GOLDSTEIN, 1975). Pyrazole potentiates both the 
acute and chronic effects of ethanol (GOLDSTEIN and PAL, 1971). Considering these 
and other experimental findings, one is forced to conclude that ethanol and acetalde
hyde can both act pharmacologically on the central nervous system. Only at high 
ethanol doses, however, is acetaldehyde likely to playa significant role. Although 
cross-tolerance can be demonstrated to many effects of these agents, one should also 
expect to find dose-related differences in their specific central effects. 

Formaldehyde has also been implicated as an agent that could affect the central 
nervous system during ethanol withdrawal. Apparently a small endogenous produc
tion of methanol can normally be handled by the liver, but during ethanol metabo
lism, methanol oxidation may be delayed until blood ethanol levels drop, during with
drawal. MAJCHROWICZ (1975) has found that a rapid increase in formaldehyde forma
tion occurs when blood ethanol levels are declining, raising the possibility that the 
well-known toxicitiy of formaldehyde might contribute to the severity of the with
drawal syndrome. 

Ethanol metabolism interferes with normal oxidative processes in the liver. As 
much as three-quarters of the oxidative capacity of the liver may be preempted for the 
metabolism of ethanol. Oxygen consumption, carbon dioxide production, the respira
tory quotient and the ratio of oxidized to reduced nicotinamide adenine dinucleotide 
(NADjNADH) are all decreased during ethanol metabolism (LUNDSGAARD, 1938; 
LELOIR and MuNoz, 1938; BUTTNER et at., 1961; LUNDQUIST et at., 1962; FORSANDER, 
1966). 

Such dramatic shifts in liver function may have important indirect effects on the 
brain. Endogenous compounds having functional roles in the brain may be altered by 
the metabolism of alcohol. For example, steroid hormone metabolism in the liver ap
pears to be affected by the NADfNADH balance, as the ratio of keto steroids to hy
droxy steroids increases during ethanol oxidation, probably because of the reduced 
availability of the oxidized cofactor NAD. Gonadal steroid biosynthesis, as well as 
adrenocorticosteroid production, may also be affected because of ethanol metabo
lism, although effects in vivo may be difficult to interpret because of concomitant di
rect central effects and compensatory central neuroendocrine mechanisms. Recent ex
periments indicate that the production of testosterone in Leydig cells from rats testis 
may be inhibited by limiting amounts ofNAD in the presence of ethanol (ELLINGBOE 
and V ARANELLI, 1979). In the brain, especially in the limbic system where specific sex 
steroid hormone binding sites are localized, changes in the concentrations of andro
gens, estrogens, and other steroids can have important consequences for neuroendo
crine regulation, reproductive function, sexual behavior, and perhaps mood. 
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Compounding the acute inhibitory effect of ethanol on testicular testosterone syn
thesis is an increase in testosterone catabolism that occurs in the liver during chronic 
alcoholism (RUBIN et ai., 1976). This effect is probably explained by ethanol induction 
of microsomal oxidizing systems. Alcoholics have long been known to have a greater 
resistance to certain anesthetic drugs, such as barbiturates, which are catabolized by 
this detoxification system of the liver. 

Among other metabolic effects of ethanol in the periphery is inhibition of glu
coneogenesis, which in the absence of other nutritional sources can cause hypoglyce
mia, with obvious cerebral consequences. Gluconeogenesis is depressed because the 
lower NAD/NADH ratio of liver cells decreases the availability of pyruvate, which 
results in reduced decarboxylation of pyruvate to oxaloacetate, and increased lactate 
production (KREBS et ai., 1969). Uridine diphosphate glucose isomerase is similarly 
inhibited by the change in redox potential, causing suppression of galactose oxidation. 

Amino acid metabolism and protein production are also affected by ethanol in 
liver cells. Free amino acids accumulate during ethanol exposure in the perfused liver 
(KREBS et ai., 1973) and following acute doses of ethanol in the intact rat (POHORECKY 
and NEWMAN, 1978). Because cerebral serotonin levels are determined in part by the 
rate of tryptophan transport into brain, and because this depends upon the relative 
concentration of tryptophan in plasma (FERNSTROM and WURTMAN, 1971), ex
periments have been carried out to learn if ethanol-induced changes in plasma tryp
tophan might alter brain serotonin. Although decreased plasma levels of tryptophan 
were found following ethanol administration, similar changes were observed for phen
ylalanine and tyrosine (amino acids that compete with tryptophan for transport into 
brain), and brain serotonin levels were found to be decreased (POHORECKY and NEW
MAN, 1978). 

The predominant effect of acute ethanol treatment upon hepatic protein synthesis 
is inhibition (RoTHSCIDLD et aI., 1971; JEEJEEBHOY et aI., 1972; KIRSCH et ai., 1973), 
while chronic ethanol consumption enhances liver protein synthesis and causes intra
hepatic accumulation of proteins that are normally secreted (BARAONA and LIEBER, 
1977). Because ethanol affects the synthesis of "exported" protein such as albumin, 
a carrier for tryptophan, fatty acids, and other compounds in the peripheral circula
tion, it is conceivable that the ratio of free to bound plasma metabolites might be al
tered as a consequence of changing plasma albumin levels. Ethanol-induced alteration 
in plasma pH or free fatty acids (LIEBER et ai., 1962; ABRAMSON and ARKY, 1968) 
might also change the proportion of free to bound tryptophan (CURZON et ai., 1973), 
which has been reported to affect its transport into brain (KNOTT and CURZON, 1972), 
although there are contradictory data on this point (MADRAS et ai., 1974). 

Other peripheral effects of acute and chronic ethanol ingestion include increased 
oxygen consumption, depleted serum magnesium, calcium and phosphate, alcoholic 
ketoacidosis, decreased citric acid cycle activity, increased lactate production, in
creased t5-aminolevulinic acid and porphobilinogen synthesis, increased plasma tri
glyceride levels, and altered secretory activity in the pancreas and gut. These and other 
effects of ethanol depend greatly upon the dose, the time course, and the degree of 
intoxication, dependence, and withdrawal, as well as nutritional factors. At present 
it is uncertain to what degree such ethanol-induced changes in peripheral biochemistry 
might affect brain function. Nevertheless, the possibility of such indirect effects 
should not be dismissed. More holistic research approaches may reveal unforeseen in
teractions between the peripheral and central effects of ethanol. 
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D. Pharmacologic Effects and Mechanisms of Ethanol Action 
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I. Effects on Oxidative Metabolism 
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Although the brain can oxidize some ethanol (HIMWICH et aI., 1933), the extent of 
ethanol metabolism in cerebral tissue is clearly inadequate to supply significant 
amounts of energy (GOLDFARB and WORTIS, 1940). The capacity of the brain to me
tabolize ethanol is significantly lower than that of the liver. Brain has only about 1/ 
5000 as much alcohol dehydrogenase activity, based on tissue wet weight, as liver (RA
SKIN and SOKOLOFF, 1972). Because of the lower ethanol oxidizing capacity of the 
brain, it is less likely that ethanol would cause a change in the NAD/NADH ratio of 
brain tissue, as it does in liver. Some investigators have reported that there are small 
but significant reductions in the brain NAD/NADH ratio during alcohol treatment 
in vivo (RAWAT et aI., 1973); however, others detected no change in the ratio of these 
co factors (VELOSO et aI., 1972; GUYNN, 1976). Because oflow brain alcohol dehydro
genase activity, it is more likely that the enzyme, rather than NAD, might become rate 
limiting for normal cell function in the presence of ethanol. 

Alcohol can affect cerebral oxygen consumption in a number of ways. The 
vasodilatory effects of ethanol, which result in increased brain blood flow, have been 
known for some time (THOMAS, 1937). Low doses of ethanol can cause relaxation of 
vascular smooth muscle and inhibit the actions of vasoconstrictive agonists on small 
blood vessels, but acetaldehyde is even more potent in this respect in vitro (ALTURA 
et aI., 1978). While net cerebral blood flow increases following acute ethanol admin
istration, dose-related agglutination of red blood cells ("sludging") has been reported 
to cause reductions in the blood flow of small vessels (MOSKOW et aI., 1968). Such me
chanical effects can interfere with local oxygen supply and furthermore increase the 
toxic effects of tissue metabolites for lack of adequate removal. Large doses of ethanol 
in human subjects can cause a significant decrease (25%-20%) in oxygen uptake from 
cerebral blood (LOMAN and MYERSON, 1942; BATTEyet aI., 1953). Respiratory acidosis 
has also been shown to occur during heavy intoxication (BATTEY et aI., 1953). To a 
certain degree such acidosis may actually protect against regional hypoxia through 
centrally mediated increases in brain blood flow and enhanced oxygen delivery 
(METZGER et aI., 1971). At the same time, hypercapnic acidosis inhibits brain glucose 
utilization (MILLER et aI., 1975). 

Under normal circumstances the brain is critically dependent upon glucose as its 
sole energy source (KETY and SCHMIDT, 1948; HAWKINS et aI., 1971). There is some 
evidence that ethanol depresses brain metabolism (GOLDFARB et aI., 1940). Neverthe
less, it has not been until recently that more rigorous studies have supported the earlier 
reports of reduced cerebral oxygen consumption in humans by demonstrating de
pressed glucose uptake and utilization (25% maximum decrease 60 min after ethanol 
administration) in the brains of heavily intoxicated rats (NIELSEN et aI., 1975). Al
though ethanol has little effect on unstimulated respiration in brain tissue in vitro 
(BEER and QUASTEL, 1958; WALLGREN and KULONEN, 1960), electric or potassium
stimulated respiration is slightly but significantly decreased by pharmacologic concen
trations of ethanol (MAJCHROWICZ, 1965). The time course of respiratory inhibition 
relative to ethanol-induced narcosis suggests that the inhibitory effect on cerebral en
ergy metabolism is secondary to central depressant effects of ethanol (NIELSEN et aI., 
1975). The latter effects are believed to be caused primarily by inhibition of sodium 
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and potassium-dependent adenosine triphosphatase (ATPase) activity (JARNEFELT, 
1961c) (see Sect. D. IV. 3). This would cause a decreased cerebral adenosine triphos
phate (ATP) requirement, resulting in an increased [ATP]/[ADP] x [HPOl-] ratio 
(WILSON et aI., 1974), increased levels of reduced cytochrome a,a3 (LAMANNA et aI., 
1977), and decreased oxygen consumption. 

Acetaldehyde has a greater inhibitory effect on mitochondrial respiration than 
ethanol in homogenates or subcellular fractions of brain tissue (BEER und QUASTEL, 
1958; MAJCHROWICZ, 1965). This effect is probably due to interference with the Krebs 
cycle. Using 14C-Iabeled substrates such as palmitate and pyruvate, 14C-carbon diox
ide production is inhibited only in the absence of the alcohol dehydrogenase inhibitor 
pyrazole (RAWAT et aI., 1973). Although the mechanisms underlying alcohol (or acet
aldehyde) inhibition of the Krebs cycle have not yet been clearly delineated in brain, 
RAWAT and KURIYAMA (1972) and RAWAT et aI., (1973) have suggested that it may 
be due to a shift in the NADfNADH ratio, while AMMON et aI. (1969) proposed that 
acetaldehyde might prevent entry of acetate into the Krebs cycle by reacting with the 
sulfhydryl group of coenzyme A (CoA). The latter interpretation may not explain sup
pression of the Krebs cycle in the intact animal, as brain concentrations of acetalde
hyde in vivo are unlikely to reach the level required for inhibition of transacetylation 
reactions (SIPPEL and ERIKSSON, 1975; TABAKOFF et aI., 1976). Furthermore, there is 
no evidence for ethanol-induced alterations in brain CoA or acetyl CoA levels 
(GUYNN, 1976). 

Chronic ethanol treatment reduces steady-state levels of ATP and creatine phos
phate in the quick-frozen rat brain, while adenosine diphosphate (ADP) and 
adenosine monophosphate (AMP) levels are reported to increase (RAWAT et aI., 
1973). Such changes in the concentrations of the energy-rich phosphates do not ap
pear to be caused by acute ethanol administration in vivo (RAwAT and KURIYAMA, 
1972; VELOSO et aI., 1972; RAWAT et aI., 1973). These observations may be related to 
increased membrane ATPase activity during tolerance development (ISRAEL and 
KURIYAMA, 1971). 

n. Effects on Ribonucleic Acid and Protein Synthesis 

Cerebral protein synthesis has been found by several groups to be suppressed by long
term ethanol administration to apparently well-nourished experimental animals (TE
WARI and NOBLE, 1971; KURIYAMA et aI., 1971a; JARLSTEDT, 1972; JARLSTEDT and 
HAMBERGER, 1972; KHAwAJAetaI., 1978). These and other studies have examined the 
incorporation of radioactively labeled amino acids into protein in vivo and in vitro. 
Analogous experiments have been carried out to determine the effect of ethanol on 
ribonucleic acid (RNA) biosynthesis, because interference with RNA metabolism 
could explain perturbed protein production. The synthesis of RNA was also found 
to be inhibited by chronic alcohol administration, and several reports have described 
details of this effect (NOBLE and TEWARI, 1973; FLEMING et aI., 1975; TEwARI and No
BLE, 1975). Recent data from TEW ARJ'S laboratory (TEW ARI and NOBLE, 1977) demon
strate that long-term ethanol ingestion decreases the synthesis and transport of a rap
idly labeled nuclear RNA fraction associated with ribosomes. These data suggested 
that an essential enzymatic activity such as ATP polymerase, or the availability of 
polyadenylic acid, might be adversely affected by long-term ethanol treatment (TE-
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WARI and NOBLE, 1977). KHAWAJA et al. (1978) also reported that chronic ethanol 
treatment of weanling rats causes a decrease in labeling of bound ribosomal RNA in 
vitro, but that amino acid incorporation into free ribosomal RNA is actually in
creased in preparations from the brains of chronically treated rats. 

The significance of these findings and their underlying mechanisms are unclear. 
It would be of great interest if further studies were to reveal specific effects on proteins 
that have critical importance to central nervous system function, particularly if such 
effects relate to adaptive responses underlying the development of tolerance and 
physical dependence. A cautious approach should be taken in evaluating these and 
other results from experiments with long-term ethanol-treated experimental animals. 
Recent studies by JARLSTEDT (1977) reveal no measurable differences in amino acid 
incorporation or tissue amino acid pools in equally well-nourished rats. The only dif
ference found in the well-nourished animals was greater incorporation of amino acids 
into liver protein, an observation that is consistent with the known proliferation of 
smooth endoplasmic reticulum and induction of drug metabolizing enzymes found 
during chronic alcohol consumption. By varying the nature of the experimental diet, 
JARLSTEDT obtained no evidence for an effect of ethanol per se, in the absence of di
etary deficiencies, on brain protein biosynthesis. 

ITI. Effects on Neurotransmitters 

Recognizing the importance of intraneuronal communication for brain function, 
many investigators have attempted to delineate the effects of alcohol on central neu
rotransmitters. A large number of publications in this area serve mainly to illustrate 
the difficulty in drawing general conclusions from highly complex, incomplete, and 
apparently contradictory reports. In comparing the many published results, it should 
be apparent that most studies are not directly comparable. Usually, difficulties of in
terpretation arise because of differences in the ethanol dosage, route and duration of 
administration, the degree of stress, dependence development or withdrawal, the re
gion of the brain examined, the nutritional status, and biologic differences between 
species or strains. Often it must be acknowledged that the experimental methodology 
has been inadequate to measure true steady-state levels of a neurotransmitter or its 
metabolites at the time of sacrifice. Interpretation of even the best steady-state data 
may be difficult without further information on the dynamics of synthesis, release, 
reuptake, catabolism, transport, and the responsiveness of specific receptors. Despite 
these problems, an attempt will be made to summarize highlights in this field, empha
sizing findings that have been confirmed in several laboratories. 

1. Biogenic Amines 

In early studies of the effect of alcohol on putative neurotransmitters, investigators 
examined the patterns of urinary metabolites, which reflect peripheral as well as cen
tral action of alcohol. Several groups described a shift from the predominant oxidative 
metabolism of epinephrine, norepinephrine, and serotonin to a reductive pathway 
during ethanol oxidation (KLINGMAN and GOODALL, 1957; ROSENFELD, 1960; MUR
PHY et aI., 1962; DAVIS et aI., 1967a, b; FELDSTEIN et aI., 1967; OGATA et aI., 1971). 
Such effects are consistent with the consequence of ethanol metabolism on the redox 
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potential (NAD/NADH ratio) in the liver, but could also be explained by competition 
between acetaldehyde and biogenic aldehyde (derived from biogenic amines) for rate
limiting levels of aldehyde dehydrogenase activity in the liver. Other investigations 
have provided evidence supporting the latter explanation as a way of diverting bio
genic aldehyde catabolism toward the formation of alcohol derivatives rather than the 
carboxylic acid products which normally predominate. WALSH and TRUITT (1970) 
showed that acetaldehyde caused a reductive shift in the metabolism of labeled nor
epinephrine in vivo, but that ethanol was effective only when administered with an 
aldehyde dehydrogenase inhibitor. Studies with liver homogenates also demonstrated 
that the reductive pathway of serotonin metabolism was increased by acetaldehyde, 
but not by an increase in the NAD concentration (LAHTI and MAJCHROWICZ, 1967, 
1969). 

In contrast to the ethanol-induced shift from a predominantly oxidative to reduc
tive route of biogenic amine metabolism in the periphery, there is little evidence to 
support such a change in the brain. Although acetaldehyde can compete strongly for 
brain aldehyde dehydrogenase and redirect biogenic amine metabolism toward the 
formation of reduced metabolites in vitro (LAHTI and MAJCHROWICZ, 1969) and in vi
vo (WALSH and TRUITT, 1970), ethanol itself does not alter the metabolism of 
serotonin, either in vitro (ECCLESTON et aI., 1969) or in vivo (TYTELL and MYERS, 
1973), nor does it shift the metabolism of norepinephrine or dopamine (WALSH and 
TRUITT, 1970; POHORECKY, 1974; KAROUM et aI., 1976). 

Acute and chronic administrations of ethanol do appear, however, to change the 
turnover of central catecholamines (POHORECKY, 1974; HUNT and MAJCHROWICZ, 
1974; KAROUM et aI., 1976; GITLOW et aI., 1976), although the specific effects observed 
are complex and difficult to interpret. When catecholamine synthesis was inhibited us
ing (X-methyl-p-tyrosine, acute ethanol administration to rats caused an initial increase 
in norepinephrine turnover and no effect on dopamine; after several hours the turn
over of both catecholamines was reduced. In dependent animals, during both intoxi
cation and withdrawal, norepinephrine turnover was increased while dopamine turn
over was lower than normal (HUNT and MAJCHROWICZ, 1974). Other data also sug
gest that there is an increased turnover of norepinephrine during withdrawal, but ei
ther decreased or unaltered dopamine turnover (POHORECKY, 1974; GRIFFITHS et aI., 
1974; AHTEE and SVARTSTROM-FRASER, 1975; DARDEN and HUNT, 1977). Several stud
ies had suggested that acute administration of ethanol increased synthesis and/or re
lease of dopamine (CARLSSON and LINDQVIST, 1973; CARLSSON et aI., 1973; SEEMAN 
and LEE, 1974), but reports from other laboratories did not confirm these findings, 
indIcating instead that dopamine turnover is decreased both in vivo and in vitro fol
lowing a single dose of ethanol (BUSTOS and ROTH, 1976; DARDEN and HUNT, 1977; 
GYSLING et aI., 1976; POHORECKY and NEWMAN, 1977). 

The concept of relative noradrenergic deprivation during withdrawal is reinforced 
by the effects of certain drugs. Catecholamine agonists and agents that promote en
dogenous catecholamine production tend to alleviate withdrawal symptoms, while in
hibitors of catecholamine synthesis and certain catecholamine antagonists appear to 
accentuate withdrawal signs (GOLDSTEIN, 1973; GRIFF1THS et aI., 1974; BLUM and 
WALLACE, 1974; COLLIER et aI., 1976; BLUM et aI., 1976). Such findings are also con
sistent with the development of noradrenergic receptor subsensitivity during long
term ethanol administration, and supersensitivity of norepinephrine-stimulated 
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adenylate cyclase during late withdrawal (FRENCH et aI., 1975, 1977).Evidence for 
changes in dopamine receptor sensitivity is contradictory, with data supporting the 
development of dopamine receptor subsensitivity in mice during long-term ethanol 
treatment and supersensitivity during withdrawal (HOFFMAN and TABAKOFF, 1977; 
TABAKOFF et aI., 1978), and a report that withdrawal in rats is not necessarily associ
ated with post junctional dopamine receptor supersensitivity (SEEBER and KUSCHIN
SKY, 1976). 

Interest in the effect of ethanol on brain serotonin has been particularly great be
cause of the involvement of both of these pharmacologically active agents in respira
tory depression, analgesia, sleep, and hypothermia. Interest has also been stimulated 
by reports that p-chlorophenylalanine (a depletor of central serotonin) reduced 
ethanol consumption by experimental animals (MYERS and VEALE, 1968). Further
more, increased brain serotonin levels have been reported during ethanol consump
tion in ethanol-preferring rats, but not in their water-preferring controls (AHTEE and 
ERIKSSON, 1972). Because of the demonstration that alcohol intake was not affected 
by depleting serotonin using means other than p-chlorophenylalanine, brain serotonin 
levels per se may not be involved in ethanol choice (KIIANMAA, 1976). It may also be 
fortuitous that brain serotonin levels are higher in ethanol-preferring rats, as the ge
netic selection pressure was not exclusively for ethanol choice. 

Studies of ethanol effects on serotonin levels and turnover have also been espe
cially difficult to evaluate. Many reports are contradictory, indicating that ethanol en
hances, reduces, or does not change brain serotonin levels. Strain differences (as sug
gested above), as well as methodological problems, may contribute to the confusing 
literature on this subject. Most turnover studies, for example, suffer from the nonspe
cificity of pargyline, the monoamine oxidase inhibitor used to prevent serotonin ca
tabolism, since pargyline acts also as an aldehyde dehydrogenase inhibitor (DEMBIEC 
et aI., 1976). 

The more consistent finding regarding serotonin is that brain serotonin levels are 
not significantly affected by acute ethanol administration, but its major metabolic 
product, 5-hydroxyindoleacetic acid (5-HIAA), is increased (KURIYAMA et ai., 1971b; 
TABAKOFF and BOGGAN, 1974; POHORECKY and NEWMAN, 1978). Brain tryptophan, 
the amino acid precursor of serotonin, has also been reported to be elevated modestly 
after ethanol, but serum tryptophan was reduced (POHORECKY and NEWMAN, 1978). 
Ethanol might cause an increase in central serotonin turnover, as these results suggest, 
but impaired removal of 5-HIAA from the brain could also explain increases in this 
metabolite following ethanol administration (T ABAKOFF et ai., 1975). Direct inhibition 
of tryptophan hydroxylase by ethanol (ROOAWSKI et ai., 1974), and indirect inhibition 
of this enzyme through ethanol stimulation of corticosteroid release (ELLIS, 1966; Az
MITIA and McEWEN, 1969; SZE and NECKERS, 1974), have also been suggested as 
mechanisms to explain apparent ethanol-induced increases in serotonin turnover. 

2. Acetylcholine 

Some of the complexity and inconsistency of reported ethanol action on catechol
aminergic and serotonergic systems may be the consequence of multiple indirect ef
fects from other neurotransmitter systems such as cholinergic neurons, which synapse 
upon dopamine neurons in the nigrostriatum and affect dopamine turnover. Ethanol 
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probably acts more directly upon acetylcholine release, as is indicated by more con
sistent experimental findings from studies on this neurotransmitter. Acetylcholine re
lease is decreased by ethanol in brain tissues in vivo (ERICKSON and GRAHAM, 1973) 
and in cortical slices (CARMICHAEL and ISRAEL, 1975; KALANT and GROSE, 1967). After 
a single dose of ethanol, brain concentrations of acetylcholine were reported to in
crease, followed by a later decrease (HUNT and DALTON, 1976). This biphasic effect 
appears to parallel the rise and fall in blood ethanol levels and is not unlike the effect 
of ethanol on catecholamine turnover (HUNT and MAJCHROWICZ, 1974). Both acetyl
choline and dopamine were reported to rise again after low blood ethanol levels had 
been reached. In studies of chronic ethanol administration, KALANT and GROSE (1967) 
found that slices of brain cortex from dependent rats and guinea pigs were refractory 
to the inhibitory effect of ethanol on acetylcholine release in vitro. Other investigators 
have shown, however, that cholinergic systems may not be involved directly in ethanol 
withdrawal (GOLDSTEIN, 1973) or in behavioral intoxication (KLEMM, 1974). 

3. Amino Acids 

Among the putative amino acid neurotransmitters, y-aminobutyric acid (GABA) has 
been more widely studied with respect to alcohol effects. Work done with the whole 
brain (or brain regions) following administration of ethanol in vivo has yielded con
flicting results, some reports describing an increase in steady-state levels of GABA 
(HAKKINEN and KULONEN, 1959, 1961; RAWAT, 1974; CHAN, 1976) after a single dose 
of ethanol, while others have found marked decreases in GABA concentrations (FER
RARI and ARNOLD, 1961; HIGGINS, 1962; GORDON, 1967). The action of ethanol in vi
tro on brain slices has also been examined; a small but significant inhibition of GAB A 
release was found in cortex slices under resting conditions, but not during potassium 
stimulation (LIN and SUTHERLAND, 1974). 

Chronic ethanol intoxication is reported to produce decreases in whole brain or 
regional GABA levels (PATEL and LAL, 1973; RAWAT, 1974; GRIFFITHS and 
LITTLETON, 1977). CHOPDE and his colleagues (1977), however, while finding GABA 
decrements during intoxication, observed increased GABA levels in the brain during 
withdrawal. 

VOLICER et aI. (1977) have also found regional differences in the ethanol effect on 
GABA, levels being reduced only in the cerebellum, subcortex, and pons-medulla ob
longata. Subsequent experiments revealed that ethanol lowered GABA only in the 
brains of animals that had been stressed before being killed (VOLICER et aI., 1979). 
Such results suggest that the contradictory reports found in the literature might be due 
to different degrees of stress experienced by the animals prior to being killed. The as
sociation between ethanol, stress, and GABA may be important to expression of the 
withdrawal syndrome, as GOLDSTEIN (1973) has found that GABA (also catecholami
nes) can relieve withdrawal convulsions in mice. Studies of synaptosomal glutamate 
(an excitatory neurotransmitter) binding are consistent with GOLDSTEIN'S ob
servations, as glutamate binding changes in the opposite direction of the presumed de
crease in GABA (an inhibitory neurotransmitter) during withdrawal (MICHAELIS et 
aI., 1978). In the latter report, ethanol intake was found to cause a time-dependent 
increase in glutamate binding in ethanol-tolerant rats. 
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Early hypotheses for the mechanism of action of general anesthetics were based large
ly upon studies with a homologous series of alcohols. OVERTON (1901) and MEYER 
(1901) determined that anesthetic potency was related directly to lipid solubility and 
suggested that the degree of narcosis produced by an anesthetic was proportional to 
its concentration in the lipid phase of the biologic system affected. Ethanol has there
fore been thought to exert its central narcotic effect because of a limited degree of sol
ubility in the lipid regions of neuronal membranes. 

Some of the electrophysiologic effects of ethanol may indeed be similar to those 
of higher alcohols and general anesthetics, attributable to actions that have been 
called "membrane-fluidization," "membrane-expansion," and "lateral phase separa
tion" (HUBBELL and MCCONNELL, 1968; PATERSON et aI., 1972; SEEMAN, 1972; TRu
DELL, 1977). Ethanol and some other polar, less potent anesthetics are somewhat dif
ferent from longer-chain alcohols and the classic general anesthetics in that they ap
pear to be as effective in depressing axonal conductance as in depressing postsynaptic 
excitation (BARKER, 1974). 

Because of its low oil-water partition coefficient, ethanol might not be expected 
to enter into the hydrophobic core of membrane bilayers as readily as the more lipo
philic anesthetics. Using fluorescent probes that penetrate deeply into the membrane, 
it has been found that the concentration of ethanol must be two orders of magnitude 
greater than that of general anesthetics to lower the phase transition of synthetic mem
branes by 2 DC (VANDERKOOI et aI., 1977). The actual concentration of ethanol prob
ably required for any significant deep membrane effects is therefore unlikely to be 
pharmacologically meaningful. On the other hand, using a less hydrophobic probe, 
aminopyrene, effects of ethanol at the membrane-water interface have been clearly 
demonstrated at concentrations that can be achieved in vivo (VANDERKOOI, 1979). 
Studies by GRENELL (1975), utilizing the technique of microwave absorption to 
measure changes in free and membrane-bound water, suggest that ethanol fluidizes 
and displaces water associated with outer membrane surfaces. 

In GOLDSTEIN'S laboratory, paramagnetic resonance has been used to study the ef
fect of ethanol on nerve cell membranes prepared from mice (DBA strain). The par
ticular spin-labeled probe used in these studies, 5-doxylstearic acid, is believed to re
flect alterations in the order of the outer membrane, closer to the water interface. In 
moderate concentrations (1--4 mg/ml) in vitro, ethanol produced a concentration-de
pendent increase in the fluidity of synaptosomal, erythrocyte, and mitochondrial 
membranes (CmN and GOLDSTEIN, 1977a). Fluidity was also increased in cell mem
branes prepared from mice that had been treated acutely with a single intoxicating 
dose of ethanol. When the mice were fed ethanol for 8 days, synaptosomal and eryth
rocyte membranes became more resistant to the disordering effect of ethanol (CmN 
and GOLDSTEIN, 1977b). Only when ethanol was present in vitro, however, could dif
ferences in membrane fluidity be detected between the control and ethanol-fed mice. 

CURRAN and SEEMAN (1977) have also reported the development of tolerance to 
membrane-fluidizing effects of ethanol. They found that phrenic nerve terminals from 
ethanol-tolerant rats were more resistant than those from control rats to the acute ef
fect of ethanol in increasing the frequency of miniature end-plate potentials. This par-
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ticular electrophysiologic measure is believed to reflect spontaneous acetylcholine re
lease (QUASTEL et aI., 1971), which is thought to be enhanced by increased membrane 
fluidity and membrane expansion effects of alcohols and anesthetics (SEEMAN, 1972). 
Only upon the application of ethanol in vitro was it possible to demonstrate a signif
icant difference between control and ethanol-fed rats. As has been the case with many 
studies, relatively high levels of ethanol were employed in vitro, with the assumption 
that measurements at high ethanol concentrations reflect less detectable, but neverthe
less meaningful effects at more physiologic concentrations. In this particular report, 
the investigators demonstrated a linear dose-response relationship from reasonable 
pharmacologic amounts of ethanol to the higher doses used for most of their ex
periments. 

Because cell membrane fluidity is correlated with temperature (CHAPMAN, 1975), 
temperature effects on electrophysiologic measures of presynaptic function have been 
used to indicate degree of dependence upon membrane fluidity. As temperature is 
lowered, there is a slower decay of posttetanic potentiation of synaptic transmission 
in model systems such as the abdominal ganglion of Aplysia californica (SCHLAPFER 
et aI., 1975). Ethanol accelerates decay ofposttetanic potentiation, suggesting that it 
increases membrane fluidity (WOODSON et aI., 1976). After prolonged exposure to 
ethanol or to lowered temperature, the electrophysiologic response returns to normal 
(TRAYNOR et aI., 1976; SCHLAPFER et aI., 1975). In other words, the preparation had 
developed tolerance to ethanol and had adapted to a colder temperature. Unexpected, 
however, was the observation that cold-adapted preparations had a normal, preadap
tation rate of decay of posttetanic potentiation when tested at the control tempera
ture. Ethanol-tolerant preparations were also normal under control conditions. Tem
perature-adapted preparations behaved as though they were ethanol-tolerant, and 
ethanol-tolerant preparations exhibited adaptation to temperature effects, i. e., there 
was cross tolerance between the effects of temperature and ethanol (TRAYNOR et at, 
1979). These observations are difficult to interpret in relation to proposed models for 
both ethanol tolerance (HILL and BANGHAM, 1975) and temperature adaptation 
(SINENSKY, 1971) that suggest compensatory changes in lipid composition of the mem
brane. However, TRAYNOR et al. (1979) point out that there are other examples of 
bidirectional adaptation that protects organisms against both heat and cold following 
cold adaptation. 

2. Lipids 

In an attempt to determine the molecular basis for the apparent development of tol
erance to ethanol-induced membrane fluidization, CmN and her co-workers (1978) ex
amined the membrane lipid composition of synaptosomes and erythrocytes from mice 
treated chronically with ethanol. The cholesterol/phospholipid ratio was found to be 
significantly higher in the alcohol-fed animals. Although the phospholipid concen
trations per cell (erythrocytes) and per milligram protein (synaptosomal membranes) 
were not different between control and treated animals, cholesterol levels were in
creased by 15% and 10%, respectively. Such an increase in cholesterol content is not 
unexpected in view of earlier studies (GRANDE et aI., 1960; LmBER et aI., 1963) that 
demonstrated elevated plasma cholesterol levels following chronic ethanol adminis
tration to dogs and man. An increase in the cholesterol/phospholipid ratio appears 
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to decrease membrane fluidity, both in synthetic membranes and erythrocyte mem
branes from blood of cirrhotic patients (VANDERKOOI, 1979). The stiffening effect of 
cholesterol on the membrane is also correlated with decreased oxygen diffusion into 
the membrane (VANDERKOOI, 1979). 

LITTLETON and JOHN (1977) and LITTLETON et al. (1979) have analyzed the fatty 
acid composition of membrane phospholipids from mice (TO Swiss strain) made tol
erant to the effects of ethanol. Chronic ethanol treatment was associated with an in
crease in the saturation of phospholipid fatty acids, most notably in the synaptosomal 
membrane. A study of the time course of this effect revealed that the change in fatty 
acid composition occurred as early as 2 h after acute administration of alcohol and 
that there was little quantitative difference from the fatty acid pattern observed after 
10 days after chronic ethanol treatment (LITTLETON et al., 1979). These lipid alter
ations are similar to those reported in goldfish and lower organisms in adapting to 
temperature changes (COSSINS, 1977; COSSINS et al., 1977). Alcohol tolerance and in
creased temperature adaptation both appear to be associated with decreased mem
brane fluidity. In general, adaptive decreases in membrane fluidity are correlated with 
lower content of polyunsaturated fatty acids and a relatively greater proportion of sat
urated and mono-unsaturated fatty acids. 

These several studies of the acute and chronic effects of alcohol on membrane lipid 
composition lend support to the hypothesis advanced by HILL and BANGHAM (1975) 
as an explanation for tolerance to central depressants. According to their proposed 
model, biologic membranes should be able to adapt homeostatically to the acute 
membrane-fluidizing effects of lipophilic agents through "stiffening" of the mem
branes. Alcohol-induced changes in membrane lipid composition would be consistent 
with this concept. 

Present evidence is insufficient to postulate a mechanism for the shift toward in
creased cholesterol content or fatty acid saturation during tolerance development. It 
would be of great importance to know whether this apparent adaptation of neuronal 
tissue to the effects of ethanol were due to intrinsic changes within the central nervous 
system or to passive incorporation of membrane-stiffening lipids from the peripheral 
circulation. Such lipids might arise because of ethanol effects on fat metabolism in adi
pose tissue or liver rather than as a result of changes in neuronal metabolism. Indeed, 
the possibility of a primary peripheral effect appears plausible in view of reports that 
lipids of erythrocytes (CHIN et al., 1978) and mitochondria from liver (IHRIG et a1., 
1969) and adrenals (SUN and SUN, 1978), as well as cardiac lipids (REITZ et a1., 1973; 
LITTLETON et a1., 1979), exhibit similar changes in cholesterol or fatty acid composi
tion following chronic ethanol treatment of experimental animals. SUN and Y AU 
(1976) have demonstrated that exogenous fatty acid precursors can be incorporated 
into synaptosomal membrane phospholipids in vivo, while MENDENHALL et al., (1969) 
have found an increase in lysophosphoglyceride: acyl CoA transferase activity in liver 
following chronic ethanol administration. It is thus possible that both increased mem
brane phospholipid turnover and changes in circulating lipids might be involved in 
the changes in neuronal membrane fatty acid composition observed during the acute 
and chronic adaptation of membranes to the fluidizing effect of ethano1. 

The rapid change in membrane phospholipid fatty acids reported by LITTLETON 
et a1. (1979) is reminiscent of so-called acute tolerance, also known as the MELLANBY 
phenomenon. MELLANBY (1919) first described greater impairment, in humans, as-
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sociated with a given concentration of blood alcohol during the ascending limb of the 
blood alcohol curve than with the same alcohol concentration during descending 
blood alcohol levels. Because MELLANBY had sampled venous blood from the arm, his 
results were subject to the criticism that the alcohol concentration measured probably 
did not represent the actual concentrations in arterial blood or brain tissue, which are 
known to be higher during the early phase of absorption and distribution of alcohol. 
Other investigators, however, have subsequently corroborated MELLANBY'S general 
conclusions in more definitive experiments in which a variety of dependent variables 
were measured (MIRSKY et aI., 1941; EGGLETON, 1942; MAYNERT and KLINGMAN, 
1960). Adequate mechanistic explanations for the phenomenon of "acute" tolerance, 
particularly with respect to rapid alterations in membrane lipid constituents, have yet 
to be presented. 

3. Sodium- and Potassium-Dependent Adenosine Triphosphatase 

JARNEFELT (1961a) first reported the presence of a Na + -stimulated ATPase in a rat 
brain microsomal preparation and described its inhibition by ethanol at high, but 
nonlethal concentrations (JARNEFELT (1961 b, 1961c). Inhibition by methanol, ethanol, 
and N-butanol correlated with their relative intoxicating effects. (Na + + K +)-ATPase 
is now thought to be of primary importance in maintaining the normal resting mem
brane potential by active transport of monovalent cations (SKOU, 1965). 

Subsequent reports have confirmed the acute inhibitory effect of ethanol upon this 
membrane-bound enzyme system. Active transport of ions in rat brain cortex slices 
was found to be suppressed by moderate concentrations of ethanol (ISRAEL et aI., 
1965). In a beef brain microsomal preparation, ISRAEL and SALAZAR (1967) demon
strated ethanol inhibition of (Na + + K +)-ATPase and found that K +, but not Na +, 
could competitively antagonize the effects of ethanol. SUN and SAMORAJSKI (1970) re
ported that ethanol noncompetitively inhibited (Na + +K +)-ATPase in guinea pig 
cortex synaptosomes and was significantly less effective in inhibiting the Mg2 + -acti
vated ATPase. 

Following long-term administration of ethanol, (Na + + K +)-ATPase was report
ed to be increased in preparations from brains of alcohol-tolerant rats and cats (Is
RAEL et aI., 1970; KNOX et aI., 1972; ROACH et aI., 1973; AKERA et aI., 1973). This ap
parent sign of membrane tolerance was not found, however, in mouse brain cerebral 
cortex homogenates (GOLDSTEIN and ISRAEL, 1972) or microsomal preparations of 
mouse brain (ISRAEL and KURIYAMA, 1971) and rat brain (AKERA et aI., 1973). The 
variability of reported (Na + + K + )-ATPase responses to chronic ethanol administra
tion is probably attributable to differences in the preparations used, to the conditions 
of the assay, and primarily to the duration of withdrawal prior to measurement of 
ATPase activity. WALLGREN et al. (1975) have measured microsomal (Na + + K +)
ATPase and Mg2 + -ATPase activities separately during withdrawal. Increased intensity 
of withdrawal was correlated with alcohol dose and magnitude of change in the ac
tivities of the two ATPases. (Na + + K +)-ATPase increased, while Mg2 + -ATPase de
creased; total ATPase remained unchanged. Subsequent studies by RANGARAJ and 
KALANT (1978) indicate that there was no increase in the (Na + + K +)-ATPase until 
12-48 h after cessation of alcohol administration. Enhanced ATPase activity was 
greatest 24 h into withdrawal and was localized in the lysed synaptosomal membrane 
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fraction. The effect could be observed 16 h after a single dose of ethanol and reversed 
by another dose given 1 h before sacrifice. Other experiments led the investigators to 
conclude that the increase in (Na + + K +)-ATPase activity was not a direct adaptive 
homeostatic response to tolerance to ethanol, but rather a more rapid effect of in
creased catecholaminergic activity associated with withdrawal stress (RANGARAJ and 
KALANT, 1978). Such an explanation is not inconsistent with the concept of (Na + + 
K +)-ATPase activation and inhibition by conformational changes (membrane fluid
ity) induced by cations, ethanol, or changes in membrane lipid composition (WARREN 
et aI., 1974; KIMELBERG, 1975; SUN et aI., 1977; and KALANT et aI., 1978). 

4. Calcium 

Ethanol and general anesthetics have been found to alter both membrane binding and 
the transmembrane flux of calcium, not only in neurons but also in other cells (SEE
MAN, 1972). Calcium is crucial to the electric stability and physiologic responses of cell 
membranes. Membrane-bound extracellular calcium appears to act as a barrier to 
monovalent cation entry into the cell (WHITTAM, 1968). The maintenance of low in
tracellular calcium concentrations by ATPase-dependent exchange with sodium is be
lieved to be essential for functional integrity of neuronal membranes (DUNCAN, 1976). 
Calcium is required for coupling electric stimuli to the release of neurotransmitters 
(DOUGLAS, 1968) and affects cyclic nucleotide systems (BROSTROM et aI., 1975) as well 
as enzymatic activity essential to neurotransmitter synthesis (MORGENROTH et aI., 
1975). 

Following an intoxicating dose of ethanol, membrane-bound calcium was report
ed to increase significantly (EHRENPREIS, 1965; SEEMAN et aI., 1971). SEEMAN'S data in
dicate that this might be due to increased affinity rather than an increase in the num
ber of calcium binding sites. It has been suggested that this might be explained by a 
conformational change in membrane protein or by an ethanol-induced shift toward 
more optimal spacing of the negative sites of phospholipids for binding the hydrated 
calcium ion (SEEMAN, 1972). 

Ross and his colleagues (1974) on the other hand, have reported that acute alcohol 
(and morphine) administration reduces the regional concentrations and total level of 
calcium in the rat brain. Chronic alcohol treatment resulted in excess calcium accumu
lation in synaptosomes, increased membrane-bound calcium, and reduced calcium
binding capacity of synaptic membranes (Ross, 1977; Ross et aI., 1977). Similar results 
have also been reported by SUN et aI. (1977). Such findings are consistent with the de
velopment of increased membrane rigidity during chronic ethanol treatment (see Sect. 
IV.D.I.), as increases in membrane-bound calcium are known to decrease the fluid
ity of cell membranes (VIRET and LETERRIER, 1976). 

Parallel with the changes in membrane-bound calcium found in the brains of 
ethanol-tolerant rats, Ross et aI. (1977) demonstrated an increase in the amount of 
neuraminidase-releasable sialic acid, quite like the study reported earlier by NOBLE et 
aI. (1976) who examined membrane glycoproteins in cultured hamster astroblasts 
treated chronically with alcohol. These results indicate that alterations in the number 
of negatively charged glycoprotein residues might explain the effects of ethanol on cal
cium binding. Further studies by Ross et aI. (1979) revealed that an acute intoxicating 
dose of ethanol increased rat cortex neuraminidase, while chronic treatment reduced 
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its activity. Such changes are consistent with both the acute and chronic effects of 
ethanol on membrane-bound calcium. 

One of the interesting aspects of the studies reported by Ross (1976) was that, in 
addition to ethanol, single doses of salsolinol and morphine also caused regional de
pletion of brain calcium. Naloxone was found to reverse the calcium effects of all three 
agents. Tolerance could be demonstrated 24 h after a single dose of either alcohol or 
morphine, and at this time cross-tolerance between these two drugs could be demon
strated for the calcium-depleting effect. To our knowledge these findings have not yet 
been confirmed by other laboratories. 

5. Cyclic Nucleotides and Membrane Receptors 

Cyclic AMP is now well-established as a second messenger regulating and mediating 
the release and actions of many membrane receptor-bound hormones and neurotrans
mitters. Numerous investigations have focused on the possibility that ethanol might 
alter neuronal function because of effects on the adenylate cyclase system. More re
cently attention has also been directed at the effects of alcohol on cGMP, the function 
of which is less well-understood. Studies of changes in cyclic neucleotides may also 
indicate alterations in the effective synaptic concentrations of neurotransmitters or 
the sensitivity of specific receptors. Although such investigations have yielded few de
finitive answers regarding the primary mechanisms of ethanol effects on the brain, re
search in this area has revealed several interesting aspects of the acute and chronic 
consumption of ethanol. 

In several tissues, ethanol had been reported to stimulate the adenylate cyclase sys
tem (GORMAN and BlTENSKY, 1970; GREENE et aI., 1971; VOLICER and HYNIE, 1971; 
MASHlTER et aI., 1974). However, KURIYAMA and ISRAEL (1973) could detect no acute 
effect of ethanol on mouse brain cAMP, adenylate cyclase, or phosphodiesterase. All 
reports of adenylate cyclase stimulation were at such high ethanol concentrations as 
to be unlikely in vivo, except perhaps in the gastrointestinal tract where ethanol has 
been shown to affect both phosphodiesterase and adenylate cyclase, and where in
creases in mucosal cAMP may mediate the stimulatory effect of ethanol on gastric 
acid secretion (KARPPANEN et aI., 1976). 

In contrast to the stimulatory effects of alcohol reported in some tissues, and the 
negative findings with mouse cerebral cortex, acute administration of a large dose of 
ethanol to the rat produced a significant decrease of cAMP in brain tissues (VOLICER 
and GOLD, 1973). Ethanol in large doses was found to inhibit the postdecapitation in
crease in all areas of the brain examined, while lower doses produced regional effects 
of different magnitudes. Because anoxia normally causes hydrolysis of ATP to 
adenosine, which is a major factor in the postdecapitation rise in cAMP, VOLICER and 
GOLD postulated that inhibition of ATPase activity might explain ethanol suppression 
of the postdecapitation increase in cAMP. 

During chronic ethanol administration, adenylate cyclase activity in the mouse ce
rebral cortex was reported to increase (ISRAEL et aI., 1972), although the effect could 
not be demonstrated when the assay was done in the presence of sodium fluoride, an 
activator of adenylate cyclase. Phosphodiesterase activities did not appear to be af
fected by chronic ethanol treatment, and addition of ethanol in vitro had no effect on 
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either cyclase or diesterase activities. When basal and cAMP-dependent protein 
kinase were measured after an acute dose of ethanol, or upon ethanol addition in vi
tro, no alteration in enzymatic activity was detectable (KURIYAMA, 1977). But, when 
mice were treated chronically, a significant increment was found in the cAMP-depen
dent protein kinase activity of the synaptosomal preparation. 

ISRAEL et al. (1972) found that norepinephrine addition in vitro to cerebral cortex 
slices from control mice stimulated cAMP formation, whereas no increase above al
ready elevated cAMP levels could be demonstrated in chronically treated animals. 
More extensive data of similar nature have been provided by other investigators 
(FRENCH and PALMER, 1973 and FRENCH et aI., 1975). These and other results agree 
with the general model that postulates a decrease in the norepinephrine sensitivity of 
the receptor-adenylate cyclase system to compensate for increased levels of cAMP 
during chronic ethanol treatment. The net effect would be to maintain intracellular 
cAMP levels within the normal range. During withdrawal, however, a quick recovery 
of this system is proposed to occur (KURIYAMA, 1977), causing a rapid rise in cAMP. 

Experiments reported by AsKEW and CHARALAMPOUS (1977), who used mice treat
ed chronically with ethanol vapors, with and without the alcohol dehydrogenase in
hibitor pyrazole, revealed no rebound of cerebellar cAMP during withdrawal. In
stead, cAMP levels were reduced during the development of the dependent state and 
remained depressed during the expression of withdrawal symptoms. 

COLLIER and his colleagues (1976) have suggested a somewhat similar model for 
compensatory neuronal subsensitivity during dependence and supersensitivity during 
withdrawal. According to their comprehensive analysis of factors involved in with
drawal, opposing effects of cAMP and cGMP, and the neurotransmitters affecting 
their steady-state levels, are proposed to explain the abstinence syndrome. 

Cyclic GMP was first reported to be involved in the central effects of ethanol when 
REoos et al. (1976) showed that a single dose of ethanol depleted the cerebellar content 
of cGMP in rats to 5% of control levels within 1 h. In more detailed studies (VOLICER 
and HURTER, 1977; VOLICER et aI., 1977) examined several regions of the rat brain 
for changes in cAMP, cGMP and GABA. Cyclic GMP was reduced by acute ethanol 
administration in all brain areas, while cAMP levels were suppressed in cerebral 
cortex, cerebellum, pons, and medulla oblongata. Chronic ethanol treatment 
appeared to produce tolerance to the lowering of cAMP, while cGMP was still 
decreased by a further dose of ethanol. During withdrawal, cAMP and cGMP levels 
were increased in some brain areas but not in others. GABA levels were decreased 
in withdrawal only in regions where cGMP levels were increased, indicating that 
the effect on GMP was mediated through changes in GABA and consistent with a 
proposed reciprocal relationship between GABA and cGMP. 

In a more recent report, VOLICER and his co-workers (1979) present new data in
dicating that the reciprocal changes in cAMP found in the rat cerebral cortex during 
acute ethanol treatment and withdrawal may be secondary to other effects. They point 
out that the magnitude and direction of the alcohol effect on regional cAMP concen
trations appear to be dependent on the animal strain or species. Because alcohol can 
perturb neurotransmitter release at concentrations much lower than those required to 
affect basal adenylate cyclase, altered cAMP concentrations are more likely to be a 
reflection of acute and chronic effects on catecholamine release (see Sect. D. III. 1) 
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and/or the sensitivity of the receptor/adenylate cyclase system to catecholamines 
(FRENCH et aI., 1975; SHEN et aI., 1977; TABAKOFF et aI., 1978). 

The reduction in levels of cGMP after acute ethanol administration, on the other 
hand, appears to be similar in all brain areas and animal strains examined CREDOS et 
aI., 1976; HUNT et aI., 1977; VOLICER and HURTER, 1977; VOLICER et aI., 1977). That 
this is not likely to be due to a direct effect on guanylate cyclase has been shown by 
studies in vitro, which produced no evidence for either acute, chronic, or withdrawal 
effects of ethanol on basal or sodium azide-stimulated guanylate cyclase in homoge
nates of mouse brain (MIKI et aI., 1977). Guanylate cyclase is dependent, however, on 
the redox potential, being stimulated by oxidized metabolites (GOLDBERG and HAD
DOX, 1977). Because of evidence that ethanol might decrease the brain NADjNADH 
ratio (RAWAT and KURIYAMA, 1972), rats were pretreated with pyrazole to block 
ethanol metabolism by alcohol dehydrogenase, thus preventing the redox shift. While 
ethanol significantly lowered the cGMP levels in cerebral cortex and cerebellum of 
control rats, the pyrazole-treated rats showed a greatly increased concentration of 
cGMP in these tissues (VOLICER et aI., 1979). It was concluded from these results that 
the changes in cGMP, observed after acute ethanol administration, are more likely to 
be secondary to a change in the redox potential of brain tissue produced by ethanol 
oxidation. Considering the lack of specificity of pyrazole, however, there are other 
possibilities that should also be considered to explain the acute effect of ethanol on 
cGMP. One of these is the involvement of acetylcholine, which is known to stimulate 
cGMP production, while its release is inhibited by ethanol (see Sect. D. III. 3). 

Changes in cAMP metabolism associated with chronic ethanol administration 
might be explained in part by the dependence of adenylate cyclase on the lipid com
position of the receptor/membrane system. Increased cholesterol content (i. e., de
crease in membrane fluidity) suppresses adenyl ate cyclase activity in cultured fibro
blasts (KLEIN et aI., 1978), and coupling of the glucagon receptor to adenylate cyclase 
in liver cells makes the enzyme sensitive to its lipid environment (HOUSLAY et aI., 
1976). 

Cyclic nucleotide metabolism is also regulated by the relative amounts of free and 
bound calcium, adenylate cyclase and phosphodiesterase activities being activated by 
free calcium (BROSTROM et aI., 1975; SCHULTZ, 1975). Ethanol-induced changes in syn
aptosomal calcium concentrations (Ross, 1977) and the effect of calcium in decreasing 
membrane fluidity (ROUFOGALlS, 1973) might help to explain regional suppression of 
intracellular cAMP levels during chronic ethanol administration. The data OfVOLICER 
et aI. (1979) show, however, that the decrease in cGMP following ethanol cannot be 
blocked by intraventricular infusion of calcium. 

Adaptive refractory changes in catecholamine receptors coupled to the cyclic nu
cleotide system might involve decreases in the number of receptors as a compensation 
for elevated intraneuronal catecholamine concentrations. As has been described pre
viously (Sect. D. III. 1), a number of studies have concurred in finding increased cat
echolamine activity or increased turnover of catecholamines associated with chronic 
alcohol treatment. Other reports suggest that a decrease in the number of receptors 
follows elevation of catecholamine concentrations (KEBABIAN et aI., 1975; MUKHERJEE 
et aI., 1975). A rapid change in protein synthesis in response to altered catecholamine 
levels, as shown in vitro by DEVELLIS and BROOKER (1974), might explain changes in 
the number of receptors. 



Biochemical Pharmacology of Alcohol 227 

v. Aldehyde-Biogenic Amine Cyclization Products 

McIsAAC (1961) suggested that endogenously produced aldehyde condensation prod
ucts might be involved in mental illness, and he demonstrated that such a compound 
could be isolated from the urine of rats treated with alcohol or acetaldehyde as well 
as monoamine oxidase and aldehyde dehydrogenase inhibitors. The concept that such 
aberrant agents might be involved in the actions of alcohol was supported by further 
experimental evidence in 1970. DAVIS and WALSH (1970) and COHEN and COLLINS 
(1970), working with brain stem homogenates and perfused adrenal respectively, 
showed that salsolinol (the dopamine-acetaldehyde condensation product) and tetra
hydropapaveroline (the dopamine-dopaldehyde product) could be produced under 
certain conditions. 

One of the hypotheses suggested by DAVIS and WALSH (1970) was that these 
alkaloids might mediate alcohol dependence because of opiatelike properties. This 
concept was refuted in part by the demonstration that naloxone (an opiate antagonist) 
did not precipitate withdrawal in ethanol-dependent mice (GOLDSTEIN and JUDSON, 
1971). Nevertheless, great interest was stimulated and many reports have since been 
published describing the isolation, identification, synthesis, and pharmacologic prop
erties of aldehyde-amine condensation products. 

To demonstrate that such compounds could be formed in vivo during ethanol 
treatment, it was necessary to treat animals with enzyme inhibitors to assure high en
dogenous concentration of the aldehyde and biogenic amine precursors (DAVIS and 
WALSH, 1970; COHEN and COLLINS, 1970; SANDLER et a1., 1973; TURNER et a1., 1974; 
COLLINS and BIGDELI, 1975). In the absence of other drugs, investigators had been un
able to detect significant levels of salsolinol formation in brains of ethanol-dependent 
mice (O'NEILL and RAHwAN, 1977). More recently, however, sensitive gas chromato
graphic techniques have been employed to show that methoxysalsolinol, probably a 
metabolite of salsolinol, could be formed in mouse striatum after 10 days of ethanol 
vapor exposure, without the use of other drugs (HAMILTON et a1., 1978). 

To assess the significance of these and other similar findings, one needs to know 
the local levels of the active agent and the concentration required for meaningful phar
macologic effects. The concentration of methoxysalsolinol found in the mouse brain 
(5-8 ng/g tissue) was probably greater than that of salsolino1. Most effects demon
strated for salsolinol and other cyclized neuroamines appear to require higher concen
trations (RAHwAN, 1975; COHEN, 1978; HIRST et a1., 1977), although the actual local 
concentration in vivo is difficult to determine. Nevertheless, considerably more infor
mation is required before dismissing these compounds as being biologically uninter
esting. Only a few of the many naturally occurring isoquinoline alkaloids have been 
tested for their pharmacologic properties, and other more potent compounds may yet 
be found in biologic systems. Specific involvement of aldehyde-amine condensation 
alkaloids in the withdrawal syndrome as false neurotransmitters, or as opiatelike 
agents, has yet to be established as being biologically significant under normal con
ditions of ethanol intoxication, dependence, or withdrawa1. A recent report is that 
chronic infusion of tetrahydropapaveroline into the cerebral ventricle of rats caused 
increased preference for ethanol (MELCHIOR and MYERS, 1977). Enhanced ethanol in
gestion, dependence, and withdrawal symptoms were produced with local concen
trations of tetrahydropapaveroline that were undoubtedly below present detection 
limits. 
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E. Conclusion 
Steady progress in elucidating the mechanism of action of ethanol on the central ner
vous system has taken place during the past decade. Most advances have been made 
possible by the development and application of technologies derived from basic scien
tific disciplines such as biochemistry and molecular biology. The alcohol molecule has 
a remarkable ability to perturbate central nervous system function with predictable 
behavioral concomitants. But until a better understanding of those neural processes 
which regulate the complex expression of such phenomena as mood, memory, percep
tion, and ideation are understood, it will be difficult to explain the pharmacologic as
pects of alcohol intoxication and withdrawal. 

What does appear to be clear is that alcohol can achieve its effects upon the central 
nervous system through diverse yet interrelated systems. Further exploration of alco
hol effects on metabolic, neurotransmitter, and membrane function will undoubtedly 
add new understanding of the biochemical pharmacology of alcohol. 

Although there is rapid growth of new information about how alcohol may inter
act with neurochemical systems and membrane function, many questions remain con
cerning the significance of this information for our understanding of alcohol abuse. 
To date we have only obtained the barest shreds of evidence for a neurochemical, 
neurophysical, or molecular biologic basis for alcohol abuse and alcoholism. Those 
who pursue knowledge about basic alcohol actions upon the nervous system may 
rightfully argue that systematic study of the "normal" biochemical pharmacology of 
alcohol is a prerequisite for understanding the biochemical pharmacology of alcohol 
abuse. Yet the history of science suggests that the study of pathophysiologic processes 
has contributed a great deal to fundamental knowledge in biochemistry and molecular 
biology. Thus, studies of the biochemical and biophysical concomitants of alcohol de
pendence in experimental animals and humans may enrich the scientific disciplines of 
pharmacology, biochemistry, and molecular biology. 
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CHAPTER 12 

Dependence-Producing Effects 
and Alcohol Dependence Syndrome 

T. L. CHRUScIEL 

A. Introduction 
Ethyl alcohol (ethanol, C2HsOH) is one of the most widely disputed dependence-pro
ducing drugs. Knowledge of its biologic properties is essential for research workers 
in all fields of medicine, because it belongs to the endogenous substances as well as 
to the exogenous biologically active compounds used in various medical procedures. 
The knowledge of ethanol pharmacology is important for all physicians and health 
workers, from the professors in various fields of medicine down to the "bare-foot doc
tors" working in the bush. The widespread, worldwide use of ethanol causes it to be 
the substance which most frequently may enter into interaction with medicaments. 
Thus its clinically important interactions should be well known to health workers at 
all levels. Its influence upon human psychological activity and behavior has been the 
subject of study by psychologists and sociologists. The consequences of its use, includ
ing particularly long-term use leading to dependence, are enormous and must be taken 
into consideration by all research disciplines and political sciences dealing with the 
problems of modem society. Morbidity and mortality associated with alcohol use 
make it a major public health problem. 

The concept of alcohol dependence is relatively new, particularly since already in 
the time in which homo faber appeared alcohol was used and, indeed, overused. It has 
been known for centuries, however, that repetitive use of alcohol produces habitual 
use, and the consequences of chronic use of alcohol were described even in medieval 
textbooks of medicine. The first use of the term "dependence" in connection with 
chronic use of alcohol is credited to EDDY and his co-workers (EDDY et aI., 1965), who 
drafted a general paper on drug dependence for an early meeting of the World Health 
Organization Committee on Drug Dependence, called at that time the WHO Commit
tee on Addiction-Producing Drugs. In their paper the following definition of drug de
pendence was given: 

"Drug dependence is a state, psychic and sometimes also physical, resulting from 
the interaction between a living organism and a drug, characterized by behavioural 
and other responses that always include a compulsion to take the drug on a contin
uous or periodic basis in order to experience its psychological effects, and sometimes 
also to avoid the discomfort of its absence. Tolerance mayor may not be present. A 
person may be dependent on more than one drug" (World Health Organization, 
1969). 

By the term "drug" there is understood "any substance, that when taken into the 
living organism, may modify one or more of its functions" (World Health Organiza
tion, 1969). Drug abuse can be considered as "persistent or sporadic excessive drug 
use inconsistent with or unrelated to acceptable medical practice" (World Health Or
ganization, 1969). 
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In such a general scheme alcohol, considered as a drug under this definition, joined 
other dependence producing substances. Alcohol dependence was originally described 
under the general heading alcohol-barbiturate like dependence. EDDY and co-workers 
(ELLIS and PICK, 1971; World Health Organization, 1964; World Health Organiz
ation, 1969) were apparently of the opinion that many similarities in the type of de
pendence produced by both alcohol and barbiturates (including barbiturate like medi
caments) justify this "umbrella" term; moreover it was much easier in a general paper 
dealing with numerous types of drugs with different properties to group several drugs 
together. It is true that many similarities exist in the type of dependence to alcohol 
and that to barbiturates. 

Alcohol dependence syndrome is now recognized as a disease in its own right, and 
as a major health hazard of worldwide distribution and significance. Even in the coun
tries in which religion prohibits use of alcohol, in reality, a number of people use lo
cally produced alcoholic beverages at the risk of both punishment and social disregard 
or condemnation and development of dependence. Excessive medical use of alcohol 
and dependence have both social and medical overtones and the comprehensive care 
of the alcoholic is an important health care problem in all highly developed as well 
as in many developing, including the least developed, countries. Large proportions of 
the population are continuously exposed to dangers resulting from both acute and 
chronic use of alcohol, and yet in many societies the social use of alcohol is deeply 
rooted into the habits and mores and the state of light drunkenness is almost every
where not disregarded, while social drinking is approved. The network of services 
needed for users of alcohol is widened and increased by the governments and from 
private funds and donations almost everywhere in the world. New laws are being 
drafted and the responsibility for drunken offenders is being recognized by social and 
medical services. However, the complexity of the problems related to alcohol use and 
resulting from alcohol dependence call for in-depth study of alcohol, its biological 
properties, and effects. 

B. The Concept of Alcoholism 
DAVIES (1974) emphasized that the approach to alcoholism is mostly through pharma
cology and pathology, bypassing the psychological and social aspects of what is es
sentially a medico social problem. The study of alcoholism as well as the treatment of 
alcoholics is frequently left entirely in the hands of highly specialized physicians, and 
general practitioners and other specialists are relieved from concerning themselves 
with it. The concept of disease is based on several variables: (1) the physical variable; 
(2) the personal variable; and (3) the social variable (MELLOR, 1974). Thus, when we 
say that a person is sick, ill, or diseased, he has something physically wrong with him, 
he feels bad and he is socially designated as sick. However, it is possible for somebody 
to have a physical disease (e.g., myopia) without personal discomfort (because eye 
glasses can correct the condition), and without being socially defined as ill. 

DAVIES (1974) proposes a working definition of alcoholism as the intermittent or 
continual ingestion of alcohol leading to dependence or harm to the individual or to 
others. Under this definition acute intoxication resulting from overdose cannot be 
considered. 
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There is enormous variety in the drinking patterns of alcoholics (JELLINEK, 1960). 
The United States National Council on Alcoholism Criteria Committee in 1972 

defined alcoholism as a pathological dependence on alcohol (National Council on Al
coholism, Criteria Committee, 1972). SEEVERS (1968) points out that in the develop
ment of dependence, quantity and frequency of administration are all-important. DE
LINT and SCHMIDT (1971) suggest that the daily consumption of alcohol beverages 
equal to the alcohol content in half a bottle of whiskey over an extended period, 
months and years, may be enough to establish dependence or harm. With heroin, of 
course, much shorter time intervals are involved (ELLIS and PICK, 1971). 

C. Etiology of Alcoholism 

There are considerable problems in defining the condition of alcoholism, and hence 
there are difficulties in establishing the time of onset of its effects. The etiological hy
potheses are considered under the heading of genetic, psychological, and social factors 
(ROEBUCK and KESSLER, 1972). 

I. Genetic Hypotheses 

Alcoholism has always been recognized as a familial disorder. The family environ
ment has usually been cited as a cause of alcoholism. Such an environmental causation 
of the condition has in general appeared more "reasonable" and even more attractive 
than genetic hypotheses (MELLOR, 1974). 

Enzyme deficiency, related to vitamins of the B group, has been postulated by sev
eral authors (BRADY and WESTERFIELD, 1947; MARDONES, 1951; WILLIAMS, 1959). 

JELLINEK (1945) was of the opinion that it is not the disposition to alcoholism 
which is inherited but a weak constitution unable to resist the social risk of inebriety. 

More recent studies using twins have concentrated on the investigation of progeny 
who are separated from their biological parents shortly after birth and are raised by 
adoptive parents. KAIJ (1960) found that 10 of 14 pairs of monozygotic twins (over 
71 %) were concordant for chronic alcoholism and there were 31 pairs of dizygotic 
twins with a concordance of 32% for chronic alcoholism. PARTANEN et al. (1966) and 
JONSSON and NILSSON (1968) suggest that there is a genetic contribution to heavy al
cohol consumption. The subjects of SCHUCKIT et al. (1972) were more likely to have 
a drinking problem if their parent was an alcoholic. They found that 62 % of their al
coholics had an alcoholic parent compared with 20% of their nonalcoholics. GOOD

WIN et al. (1973) studied a group of 55 men, separated from their biological parents 
6 weeks after birth and who had one parent with a diagnosis of alcoholism. Signifi
cantly more (18 %) of the group with alcoholic parents were alcoholics, compared with 
5% for the matched control group of the adoptees. This study suggests that physical 
dependence on alcohol may reflect a genetic predisposition. Obviously some people 
were especially prone to the development of alcohol dependence, and there is now in
creasing evidence that predisposition to dependence may be, at least in part, geneti
cally determined (LIEBER and DECARLI, 1974). 

OMENN and MOTULSKY (1972) have formulated the possible ways in which genes 
might contribute to the development of alcoholism as follows: (1) personalities with 
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a predisposition to alcoholism; (2) taste preference for alcoholic beverages; (3) effects 
of alcohol intoxication; (4) development of physical dependence; and (5) physical con
sequences of alcoholism, e.g., liver cirrhosis. 

II. Psychological Hypotheses 

The psychological reasons for excessive drinking can be listed as follows: (1) to coun
ter disappointment and hurt; (2) to bolster courage; (3) to alleviate feelings of isolation 
and loneliness; (4) to reduce ethical restraints; and (5) to blot out the sense of an ex
istence without meaning. 

Psychological etiological hypotheses are not mutually exclusive: they are interde
pendent. MELLOR (1974) subdivides these hypotheses into four groups. 

1. Alcohol Effect Hypotheses 

The effect of alcohol is such that it leads to excessive use and eventually to depen
dence. COLEMAN described the psychological effects of alcohol in the following way: 
The intoxicated person typically experiences a sense of warmth, expansiveness and 
well-being. In such a mood unpleasant realities are wiped out and the drinker's feel
ings of self-esteem and adequacy rise. The user enters a generally pleasant new world 
in which his worries are temporarily left behind (ROEBUCK and KESSLER, 1972). Alco
hol was shown to reduce the level of anxiety in man (MELLOR, 1974; National Council 
on Alcoholism, Criteria Committee, 1972; TAMERIN and MENDELSON, 1969). BENNETT 
et al. (1969) were unable to demonstrate that alcohol potentiates aggression. 

2. Learning Theory Hypotheses 

Perpetuation of drinking behavior results from reinforcement by the effects of alco
hol. The effect of alcohol is considered to reward, to reinforce the learning of an as
sociation between the stimulus and response. When a certain response leads to a re
duction in strength of the drive, the individual would be more likely to repeat the re
sponse when confronted with a similar situation. Only a few supporters of this hy
pothesis provided some experimental evidence (BANDURA, 1969; CONGER, 1956; KING
HAM, 1958; SMART, 1965). 

3. Personality Hypotheses 

Certain personality traits predispose some people to excessive alcohol use. One can 
postulate that there exist one or more types of personalities who find excessive drink
ing rewarding. Such personalities are likely to develop alcoholism. These hypotheses 
are, however, unlikely to be accepted (BOWMAN and JELLINEK, 1941; NATHAN et aI., 
1970; SYME, 1957), although the belief in an "alcoholic personality" was held by 
clinicians for a considerable time. MELLOR (1974) underlines that until a prospective 
follow-up study can be undertaken it is unlikely that the personality hypothesis can 
be empirically supported or refuted. 
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4. Other Hypotheses 

Some schools using psychotherapeutic techniques have developed particular hy
potheses focusing upon personality dynamics. A review of psychoanalytic theories of 
alcoholism etiology is given by BLUM (1966). 

III. Sociological Hypotheses 

If one assumes a relationship between the structure of society, drinking behavior, and 
alcoholism rate one can construct sociological theories of the etiology of alcoholism. 
Such theories may be universal, cultural, subcultural, or alienation hypotheses (MEL
LOR, 1974). 

1. Universal Hypotheses 

No society, regardless of its state of development, remained indifferent to their mem
bers' use of alcohol. Each society worked out its acceptable drinking practices and in 
a number of countries at certain stages a loose set of observed habits or an explicit 
set of rules, given in the form of orders and instructions or laws, govern the time, 
place, type of alcoholic beverage, rate of consumption, and even the behavior appro
priate to drinking. Anthropologists search for evidence clarifying the links between 
the high level of alcohol consumption and the high (or adversely low) rate of alco
holism. An interesting example is provided by the Gambas of Central America who 
apparently consume large amounts of strong alcoholic beverages at their gatherings 
and yet are said to have little alcoholism (MELLOR, 1974). 

2. Cultural Hypotheses 

Classical studies pointing to cultural differences associated with different rates of al
coholism are those of HORTON (1943) and BALES (1946). HORTON (1943) in his survey 
of 77 societies proposed that the strength of the drinking response varies directly with 
the level of anxiety in a given society. BALES (1946) studied Irish and Jewish popula
tions, known to have very high (the former) and very low (the latter) rates of alco
holism, and concluded that alcoholism rates vary positively with the degree to which 
a culture induces feelings of tension and anxiety. He also emphasised the importance 
of drinking attitudes by postulating that where utilitarian use of alcohol is more 
frequent alcoholism rates will be higher. 

There are also several hypotheses based on preference to drink by some subgroups 
or subcultures. A number of epidemiological studies have demonstrated an associ
ation between high rates of alcoholism and being an unmarried male, member of a 
particular ethnic group, an urban dweller, having a certain occupation, etc. 

3. Alienation Hypotheses 

These hypotheses derive from some of the ideas outlined above and complete the list. 
It may be assumed that there exist a number of people who do not feel themselves to 
be members of their respective societies and have no sense of affinity to it. They con-
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sequently do not feel bound by the society's rules and habits which govern drinking 
behavior. 

MELLOR (1974) emphasizes that the strength of sociological hypotheses derives in 
part from the inability of both genetic and psychological hypotheses to provide a com
pletely self-sufficient cause for alcoholism. An all-inclusive causal hypothesis would 
state that an individual who consumes too much alcohol and hence runs the risk of 
becoming an alcoholic, might belong to a society which is permissive or unable to en
force the sanctions regulating alcohol use. He may belong to a subculture which pre
scribes alcohol, and this overrides the prescriptions of the larger society. Finally, he 
may be uninfluenced by society and therefore experience no external constraints upon 
his use of alcohol (MELLOR, 1974). As in all cases of drug dependence, in alcohol de
pendence there is always a multiple causation and in etiology one cannot search for 
one unique factor: it is rather a factor on top of the others, multiple causal agents, 
that decides the issue. The combination of causal elements to produce alcoholism has 
been little studied. The etiology of alcoholism presents considerable methodological 
problems, because the cause and effect relationships are difficult to identify with rea
sonable certainty, particularly for popUlation groups. The means by which the genet
ic, psychological, and sociological factors play a part in the development of alco
holism in a given individual or a popUlation group and act together to produce alco
holism is an area undergoing continuous changes as time passes in our continuously 
changing world, and requires further, perhaps continuous investigation. Two studies 
(PLANT, 1967; ROGERS et aI., 1979) have achieved classical status in pointing to cul
tural differences associated with different rates of alcoholism. HORTON (1943) directly 
linked the degree of insobriety with the level of anxiety in a particular societal group. 
He claimed that the strength of the drinking response was higher in societies with a 
subsistence economy. On the contrary, FIELD (1962) was ofthe opinion that the level 
of social organization less structured in subsistence economies was a better explana
tion of the higher frequency of drunkenness. BALES (1946), in comparing the drinking 
patterns of the Irish and the Jews, observed that the former always had a very high 
rate and the latter very low rates of alcoholism. He suggested that alcoholism rates 
vary positively with the degree to which a culture induces feelings of tension and anx
iety. He considered the drinking attitudes important and postulated that where utili
tarian use of alcohol is more frequent alcoholism rates will be higher. MELLOR (1974) 
concluded that it is difficult to advance a higher-level hypothesis which might explain 
differences in drinking levels among different cultures without invoking sociological 
hypotheses. The necessity of postulating constitutional differences between the mem
bers of different cultures in their response to alcohol and alcohol tolerance was not 
supported by evidence. Only WOLFF (1972) has found differences between Caucasian 
and Mongolian children in the reactivity of their autonomic nervous system to 
ethanol. 

4. Subcultural Hypotheses 

The rules governing the drinking habits of discrete social groups vary considerably. 
Men almost always drink more than women. In ancient times the warriors and 
shamans were expected to drink heavily. In modern times the physicians, clergymen, 
and judges are indeed subclasses of the population who strongly discourage heavy 
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drinking, although many members of these societal groups do not abstain. It has al
ready been indicated that people alienated from a particular society do not feel them
selves bound by the society's rules governing drinking behavior. It is likely that such 
individuals would develop alcoholism (KINSEY and PHILLIPS, 1968). Sociopathic indi
viduals have a high rate of alcoholism. 

It is clear from the considerations in this section that a single etiological factor as 
a cause of alcoholism is highly improbable. Genetic, psychological, and sociological 
causes are all operating in conjunction with alcohol to produce alcoholism. An all
inclusive multicausal hypothesis refers to an individual who consumes too much alco
hol and hence runs the risk of becoming an alcoholic. He might be genetically prede
termined, psychologically easy to influence, and in an appropriate permissive environ
ment ready to fall into the trap of alcoholism. It is highly probable that in the 
etiology of alcoholism, genetic, psychological, and sociological factors all playa part, 
but the relative contribution of each may be considerably different in individual 
cases and among different societal groups. 

D. Alcohol Dependence Syndrome 

The definition of dependence on alcohol has been a source of considerable confusion 
in the literature (CICERO, 1978). It has been used to describe numerous features related 
to alcohol use and frequently understood in different ways by various researchers. 

Alcohol tolerance develops when it is necessary to drink increasing amounts in or
der to experience equivalent changes in feeling state and behavioral effects. The degree 
of tolerance to alcohol-induced effects and toxicity, however, does not develop paral
lelly, and, for example, the LDso for ethanol changed very little, even with very long 
periods of ethanol exposure, while a formidable degree of tolerance to behavioral ef
fects develops rapidly. In addition to developing tolerance, the chronic alcohol user 
may become psychologically and physically dependent on alcohol. 

The biochemical bases for craving for alcohol are not yet known, but it is interest
ing that a recent study showed that a craving for ethanol in ethanol-dependent rats 
could be significantly reduced by a selective lesion of the ventral ascending noradren
aline bundle by 6-0H-dopamine, while a corresponding lesion of the ascending dopa
mine bundle caused only a small decrease in craving (BROWN and AMIT, 1977). 

Physical dependence on alcohol is understood as those adaptive biological changes 
induced by chronic alcohol exposure that are reflected in the various behavioral and 
physiological responses expressed upon withdrawal of alcohol. Hippocrates was the 
first to point out that tremor of the hands was associated with chronic use of wine 
(MENDELSON and MELW, 1974); he did not recognize yet that these symptoms were 
due not to drinking but to abrupt cessation of alcohol use. In the nineteenth century 
delirium tremens was described. At the present, the alcohol withdrawal syndrome is 
recognized as the complex of symptoms, ranging from hangover to delirium tremens, 
which often emerge in a severe form when alcohol intake is stopped or considerably 
reduced after a prolonged drinking bout. The withdrawal symptoms may include tre
mulousness, psychomotor and autonomic overactivity, gastric distress, seizures, delir
ium tremens, and alcoholic hallucinations, sometimes associated with headache, fe
ver, sweating, vomiting, diarrhea, hypertension, hyperreflexia and nystagmus. 
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ISBELL et aI. (1955) demonstrated that the full-blown alcohol withdrawal reaction 
could be observed in a man by keeping him continuously intoxicated for several 
weeks. This experiment established the principle that maintenance of continuous in
toxication is the key to the development of physical dependence (GOLDSTEIN 1976). 
GROSS correlated the severity of the human abstinence syndrome with the cumulative 
blood alcohol level maintained over 5-7 days (GOLDSTEIN, 1976). The abstinence syn
drome may be prevented or relieved by alcohol or other depressants of the central ner
vous system, such as barbiturates, chloral hydrate, paraldehyde, and benzodiazepines. 

The study of physical dependence on alcohol has been complicated by the fact that 
dependence generally evolves over a long period of time, commonly over years of con
tinuous drinking. 

Alcohol dependence syndrome belongs to the disabilities related to alcohol con
sumption. The word "alcoholism", introduced in 1849 by MAGNUS Hus (1849), is syn
onymous with alcohol dependence (EDWARDS et aI., 1979). Alcoholism is conceived 
of as an uncontrollable behavior consisting of the repetitive ingestion of alcohol-con
taining beverages to the degree that harms the user. Alcohol dependence syndrome 
appears to be advantageous as a diagnostic term. 

Alcohol dependence syndrome is manifested by alterations at the behavioral, sub
jective, and psychobiological levels with, as a leading symptom, an impaired control 
over intake of ethanol (EDWARDS et aI., 1979). The alcohol dependence syndrome 
exists in degrees. It is an alcohol-related disability which predicates the likelihood of 
drinking behavior resulting over time in a clustering of other disabilities (EDWARDS 
et aI., 1979). The degree of disability in an individual that ensues from his alcohol de
pendence is determined by the general context of his health and ill-health. The fact 
that an individual is alcohol dependent implies a probably impaired responsiveness 
of his behavior to social control. Not all people with alcohol-related disabilities are 
alcohol dependent, but they may be at an increased risk of developing dependence 
(EDWARDS et aI., 1979). 

Alcohol dependence syndrome should be seen as conceptually distinct from the al
cohol-related disability. The individual with social, physical, or mental alcohol-re
lated disabilities need not necessarily be alcohol dependent. Alcohol disabilities can 
exist without alcohol dependence; however, severe dependence is always connected 
with drinking at such a level as to result in a cluster of alcohol disabilities. Not all al
cohol-related disability is alcohol-dependence related. The alcohol dependence syn
drome is a diagnosable condition. The syndrome is multifactorial and exists in de
grees. Interacting personal and environmental factors are important in the develop
ment of the syndrome. 

I. Animal Models for Physical Dependence on Ethanol 

An acute physical dependence on ethanol can be demonstrated after a single injection 
of the drug. For example, motor activity depression by ethanol is followed shortly 
thereafter by a rebound response above control level rvv ALLGREN and BARRY, 1970). 
MCQUARRIE and FINGL (1958) found that, 8-12 h after an injection of alcohol, the 
dose ofmetrazol required to induce seizures in rats was reduced by 25%-30% in al
cohol treated rats. GOLDSTEIN (1974) found that handling-induced seizures could be 
produced in mice treated with a single injection of alcohol 10-14 h earlier. These data 
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Table 1. Methods used for the induction of physical dependence in animals (After FENNESY, 1979) 

Species Technique Duration of Dose 
exposure (days) 

Mouse Gavage 14 5.4 g kg-1day-l 
Ethanol liquid diet 4 0.5 ml absolute ethanol 
Ethanol liquid diet 4 15-18 mg g-l 
Inhalation ethanol vapour 1-3 II mg 1- 1 of air 

Rat Intubation of ethanol 
Fluid 37 3-7 g kg- 1 day-l 
Ethanol liquid diet 4--21 4 ml absolute ethanol 
Ethanol- sole fluid 35-49 
Polidipsia 90 13 g kg- 1 day-l 

Dog Intragastric infusion 40-54 4.5 ml kg-l day-l 
Nasogastric intubation 14--56 3.7 g kg- 1 day-l 

Rhesus Intravenous self-administration >120 8.6 g kg- 1 day-l 

Monkey Intravenous self-administration 90-360 6-8 g kg- 1 day-l 
Shock avoidance 20-200 2.5 g kg- 1 day-l 
Ethanol liquid diet 40 5-7gkg- 1 day-l 

seem to indicate that even after a single dose of ethanol a measurable degree of physi
cal dependence can be observed. 

Chronic physical dependence and tolerance develop simultaneously (CICERO, 
1978). The degree of tolerance (depending on the response measured) and physical de
pendence are dependent both on the length of the alcohol exposure period and on the 
total dose of ethanol to which the organism was exposed (CICERO, 1978; GOLDSTEIN, 
1976; KALANT et aI., 1971). The degree of tolerance and dependence which can be de
veloped is limited, and at some point, no further enhancement of tolerance and depen
dence can be achieved, despite increased exposure to ethanol. Tolerance to and depen
dence on ethanol develop quickly and dissipate very shortly. Residual physical depen
dence and tolerance may be present for months and years. The mechanisms underly
ing the development and persistance of tolerance and physical dependence have been 
excellently reviewed by CICERO (1978). 

An animal model of physical dependence on ethanol can be designed as in the case 
of other physical dependence-producing drugs. A considerable obstacle in developing 
methods based on repeated administration of ethanol is to circumvent the animals' 
inherent aversion to the irritating taste of ethanol. The chronicity of experiments dif
fers considerably from one method to another; in some cases a I-day administration 
period is considered sufficient to study acute dependence phenomena while in other 
methods using small animals, up to 90 days' treatment is recommended. In the mon
key, longer experiments are usual. 

A number of methods using oral, intragastric, intravenous, and inhalational 
routes of administration for the induction of physical dependence on ethanol in ex
perimental animals have been developed within the past decade. FENNESY'S (1979) re
view provides details of the methods applied. The behavioral (self-administration) 
techniques allow one to examine those factors which contribute to the development 
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Table 2. Ethanol withdrawal signs in mice (from GoWSTEIN, 1973) 

Sign 

Tremor 
Tail lift 
Lethargy 
Startle to tap on cage 
Spontaneous convulsion 

Convulsion on handling 

Minimum degree 

Twitching, occasional trembling 
One per hour 
Slow movement, dragging limbs 
Twitch 
Mild, tonic; jumping 

Mild, tonic 

Maximum degree 

Continuous tremor 
Four or more per hour 
Coma 
Convulsion 
Three or more generalized tonic

clonic convulsions per hour 
Severe, tonic-clonic 

of the dependence process as a function of time. More classical pharmacological 
methods applying forced administration permit the more rapid inducement of physi
cal dependence and provide an important tool for assessing physical dependence. 

The first successful animal model for physical dependence on ethanol was reported 
in 1968 by ESSIG and LAM (1968). Later on, several models for alcohol physical depen
dence have been developed in at least five animal species: dogs (ELLIS and PICK, 1973; 
ELLIS and PICK, 1971, ESSIG and LAM, 1968), monkeys (DENEAU et aI., 1969; ELLIS and 
PICK, 1973; ELLIS and PICK, 1970), rats (FALK et at., 1972; GIBBINS et aI., 1971), mice 
(FREUND, 1969; GOLDSTEIN, 1973; GOLDSTEIN, 1974; GOLDSTEIN and NAKAJIMA, 
1967), and chimpanzee (PmPER et aI., 1972). None of these, however, can be consid
ered a model for alcoholism as a whole, because they do not reflect all its complex be
havioral and social aspects. Nevertheless a straightforward model to elicit and exam
ine physical dependence with pharmacological techniques is very useful, particularly 
in screening for treatment techniques. One such model (HAUBEK and LEE, 1979) is de
scribed below. 

GOLDSTEIN (1973, 1974) conducted her experiment in two phases: an intoxication 
phase of a few days' duration and a withdrawal period during which the intensity of 
abstinence signs was measured. GOLDSTEIN (1973) emphasized that intermittent in
toxication with alcohol does not produce physically dependent animals. On the con
trary, it was shown by ISBELL et aI. (1955) that physical dependence results from 
periods of continuous intoxication both in man and in the laboratory animals. 
Ethanol, therefore, is administered by inhalation to maintain stable blood alcohol 
levels. The mice were housed in a vapor chamber where there was a constant low con
centration of ethanol in the circulating air. The mice were treated with a small daily 
dose of pyrazole (68 mg.kg- 1 i.p. every 24 h) to partially inhibit liver alcohol dehy
drogenase. At the start of the experiment the mice were injected with ethanol to estab
lish the blood level that was later to be maintained by inhalation. The withdrawal 
phase was initiated by simply removing the animals from the vapor chamber. Table 2 
indicates the signs of a characteristic withdrawal syndrome. 

The sign called "convulsions on handling" elicited by picking the mouse up by the 
tail, was considered sufficiently reliable to serve as the sole basis for grading the with
drawal reaction. The fits were scored on a standard rating system with a range of 0-4 
points. A plot of the mean scores at each time point showed the time course and in
tensity of the withdrawal reaction for each experimental group. The whole syndrome 
of withdrawal signs, including the elicited convulsions, developed over the first 10 h 
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Fig. I. Graded withdrawal reaction. Mice were exposed to ethanol by inhalation, removed from 
the vapor chamber, and scored repeatedly for elicited convulsions. The line is drawn through 
the mean scores (± S.E.) at each observation time. Data from 66 animals in seven different ex
periments are included. Two deaths are indicated (t); there was one more death at 49 h after 
withdrawal (After GoLDSTEIN, 1973) 

after withdrawal and then regressed during the subsequent 24 h (Fig. 1). Computed 
area under the curve (AUC) indicating the overall intensity and duration of the with
drawal reaction and the peak height, indicating the maximum severity, can be used 
as parameter for ordinary statistical procedures. 

In mice, the intensity of the withdrawal reaction was determined by the total dose 
of ethanol, regardless of the duration of the intoxication. The same amount of ethanol 
delivered during 13 days, resulting in a high blood level, produced the same intensity 
of elicited convulsions after withdrawal (GOLDSTEIN, 1973). 

GoLDSTEIN (1973) has found in mice that both ethanol and any of the sedative or 
anxiolytic drugs applied in her experiments (meprobamate, paraldehyde, pentobarbi
tal) suppressed the withdrawal seizures. Diazepam suppressed the convulsions for sev
eral hours (at a dose of 20 mg.kg- 1) or abolished them completely (at a dose of 
50 mg.kg - 1). On the other hand phenothiazines (chlorpromazine and promazine) in
creased the intensity of the withdrawal seizures (GOLDSTEIN, 1973; KAIM et aI., 1969). 

Substances influencing GABA receptors or GABA metabolism modify the with
drawal seizures. Aminooxyacetic acid, which raises brain GABA levels, suppressed 
the seizures effectively, while picrotoxin, a GABA antagonist, caused a brief increase 
in seizures (GOLDSTEIN, 1974). 

Drugs that act on catecholamine pathways increase the severity of withdrawal 
reactions. Both phentolamine and propranolol transiently increase the scores. Reser
pine, which depletes catecholamines, greatly increases both the intensity and the du
ration of the withdrawal (GOLDSTEIN, 1974). IX-Methyltyrosine, another catechol
amine depletor, causes, however, only a slight increase in seizures scores (GOLDSTEIN, 
1973). 

More recently, McCOMB and GOLDSTEIN (1979) described an experimental model 
that may be used for cross-dependence studies. They found that t-butanol substituted 
for ethanol at equipotent concentrations in 3 or 6 days inhalation of either t-butanol 
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or ethanol vapor. t-Butanol inhaled for 3 days also augmented the abstinence syn
drome produced by the first 3 days' exposure to ethanol. An additive effect of ethanol 
and t-butanol in producing a withdrawal reaction is consistent with the hypothesis of 
a single underlying mechanism for producing physical dependence on alcohols. 

E. Chronic Effects of Alcohol Use 
I. Hepatotoxic Effects 

The average intake of ethanol necessary to cause damage to any of the organs is be
coming established, but the nature of individual susceptibility remains to be clarified. 
A high intake of ethanol in man causes fatty infiltration of the liver. Its degree is pro
portional to the amount consumed (LIEBER, 1978; LIEBER and RUBIN, 1968). The de
position offat occurs because the redox potential ofliver is deranged by the constant 
drain on the coenzyme NAD required in the oxidation of ethanol through acetalde
hyde to acetic acid. Thus, the ratio NAD/NADH is decreased and the consequent re
duction in fatty acid oxidation results in hepatic fat deposition (LIEBER and DAVIDSON, 
1962). Structurally, electron microscopic studies have shown that at early stages of 
fatty infiltration, swelling and cavitation as well as other changes of the mitochondria 
occur (SVOBODA and MANNING, 1964). Such abnormal mitochondria have a reduced 
capacity to oxidize fatty acids and to metabolize intermediary products. This impaired 
oxidation is probably why fat is deposited in the liver cells. Numerous observations 
in animals confirm liver toxicity of ethanol. LIEBER et al. (1975) fed baboons for sev
eral months with alcohol. The animals developed fatty liver and progressed to alcohol 
hepatitis and cirrhosis. Considerable epidemiological evidence links diseases of the 
liver, as well as the pancreas and the heart to excessive ethanol consumption (LEL
BACH, 1975; TURNER et aI., 1977). 

The relation between the severity of liver pathology and amounts of ethanol con
sumed is difficult to establish. Gathering data concerning the amount consumed is dif
ficult, and patient self-reporting is unreliable, particularly in women, because of the 
reluctance of the patients to accuse themselves in view of the social stigma attached 
to alcoholism. There is a tendency to minimize the amount consumed. Furthermore, 
individual consumption varies considerably according to the life habits of the patient. 
Such factors as availability and cost of the preferred alcohol beverages related to fre
quently changeable income of the user may influence the drinking pattern and hence 
the amount of ethanol consumed. Consequently the duration of time during which the 
user is exposed to the liver-damaging levels of ethanol is extremely difficult to calcu
late. This level seems to be more stable in wine-producing countries, where the avail
ability of wine is universal, its cost low, and social acceptance complete. Not surpris
ingly, most research which has attempted to measure alcohol intake and relate it to 
human disease has come from wine-producing countries. Attempts to measure the 
toxic dose of ethanol have mainly referred to its effects on the liver. LELBACH (1974) 
in 1960-1963 studied 319 liver biopsies in men in whom the history of ethanol intake 
was collected. The mean daily ethanol intake of those with normal livers was l39,5 g 
(equivalent to eight pints of beer, a bottle of sherry, or two-thirds of a bottle of high
percentage alcoholic beverage). The patients with fatty liver, chronic hepatitis, and 
cirrhosis had mean intakes of 172 g, 203,5 g, and 245,5 g, respectively. No patient with 
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cirrhosis had an average daily intake of less than 190 g. This report provided an ex
cellent confirmation of the direct dose-effect relation of ethanol in man, measured by 
clinically important and objective evidence. It also indicated a thin margin of safety 
between the relatively well-tolerated high level intake (eight pints of beer) and the 
toxic level. It reconfirms that all attempts to reduce the individual intake of alcohol 
remains the main preventive factor, while prophylactic attempts to reduce the level of 
other factors contributing to alcohol toxicity have a secondary importance. 

The positive association between amount of ethanol consumed and degree of liver 
damage is strong evidence in support of a direct hepatotoxic effect of ethanol. The es
tablishment of the hepatotoxic level is, however, not completed and several more re
cent papers report lower hepatotoxic levels. Some patients, especially women, may de
velop advanced liver disease after consuming much less than the amounts calculated 
by LELBACH (1974). Apparently nutritional, genetic, or immunological factors, con
comitant diseases, and intrinsic or extrinsic environmental chemical substances may 
lower the threshold dose required to initiate damage of liver and/or favor its pro
gression. Thus, PEQUIGNOT (1974) concluded that there is an increased prevalence of 
cirrhosis when daily alcohol consumption exceeds 60 g for men and 20 g for women. 
These levels will be underestimates, however, since some of his patients were cirrhotic 
with nonalcoholic disease. KRASNER et al. (1977) confirmed that women are more 
susceptible to alcoholic liver disease. They have found an increase in the incidence of 
smooth muscle and antinuclear antibodies and higher mean IgG and IgM concen
trations. BAILEYet al. (1976) have shown a higher prevalence of the histocompatibility 
antigen HLA-B 8 in alcoholics with cirrhosis than in those with fatty changes only. 
Regular drinking increased the liver damage, while intermittent patterns of heavy 
drinking produced less severe histological abnormalities (BRUNT et aI., 1974). In most 
countries cirrhosis now ranks among the five leading causes of death for persons be
tween the ages of 25 and 64 years. In Sri Lanka, for example, the contribution of al
cohol cirrhosis to total cirrhosis rates rose from 24% in 1948 to 55% in 1968. The cir
rhosis death rate in Anchorage, Alaska, increased by 142% between 1953 and 1975 
(YVorld Health Organization, 1978). 

IT. Pancreatotoxic Effects 

Heavy ethanol consumption produces both acute and chronic pancreatitis (BENJAMIN 
et aI., 1977; JAMES et aI., 1974). The relation between the amount of intake and pan
creatic damage has been scarcely documented. SARLES et al. (1965) noted that the 
mean daily alcohol intake in 55 patients with chronic pancreatitis was 175 g. Another 
survey (SCHNALL and WmNER, 1958) indicated the mean daily intake of about 150 g. 

Acute alcoholic pancreatitis, by contrast, tends to be a disease related to acute 
overdose, and the patients are usually young men rather than chronic alcoholics (BEN
JAMIN et aI., 1977) 

ITI. Brain Damage 

Intellectual impairment is a devastating complication of alcohol abuse. The extreme 
form of alcoholic dementia was described by WERNICKE (1881) a century ago. The cor
relation between intellectual damage and organic brain damage in chronic alcoholism 
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is suspected but not definitively proven. Some evidence concerning alcohol-induced 
brain damage (BREWER and PARRETI, 1971; CALA et aI., 1978; Fox et aI., 1976; VON 
GALL et aI., 1978; HAUBEK and LEE, 1979; HANG, 1968; LEE et aI., 1979; TUMARKIN 
et aI., 1955) is being accumulated due to modem diagnostic techniques (CALA et aI., 
1978; Fox et aI., 1976; VON GALL et aI., 1978; HAUBEK and LEE, 1979; LEE et aI., 1979). 
LEE et ai. (1979) examined 37 alcoholic males by psychometric tests, by liver biopsy, 
and by computerized tomography (CT scans). Factors other than alcoholism that 
might have caused brain damage were excluded. The prevalence of brain damage in 
this group was far greater than that of severe liver damage: 59% were intellectually 
impaired and 49% had cerebral atrophy on CT scan whereas only 19% had cirrhosis. 
LEE et ai. (1979) did not find a significant correlation between the degree of intellectual 
impairment and the presence of cerebral atrophy. The CT scan seems to be an inad
equate measure of functional brain damage, and psychometric tests are preferable 
(LEE et aI., 1979). 

IV. Cardiotoxic Effects 

Relatively low level of ethanol cardiac toxicity was described in older textbooks. Al
coholic cardiomyopathy is a well-established, but infrequent and rather uncommon 
sequel to chronic alcoholism. It is seen most often in patients who have drunk heavily 
for a long period of time (DEMAKIS et aI., 1974). The incidence of ischemic heart dis
ease seems to be less in people who drink than in total abstainers (Editorial, 1978). 
In both the Framingham (STASON et aI., 1976) and Kaiser-Permanente (KLATSKYet 
aI., 1977) long-term prospective studies, the incidence of ischemic heart disease was 
lower in people with a moderate intake of alcohol. The same, even stronger, negative 
correlation was shown by YANO et ai. (1977) more recently. However, more evidence 
is needed to reconfirm these observations. There is some evidence that alcohol may 
directly damage muscle tissue, including the heart muscle, particularly in the state of 
malnutrition. 

The Kaiser-Permanente epidemiological studies (KLATSKY et aI., 1974; KLATSKY 
et aI., 1977) have also found that a raised blood pressure (both systolic and diastolic) 
was more common among those consuming 40 g of alcohol per day than in abstainers. 
However, other research data did not indicate a correlation between ethanol intake 
and blood pressure level (BARBORIAK et aI., 1977). 

F. Epidemiology of Alcohol Use and Overuse 

In a number of countries detailed epidemiological studies concerning both alcohol use 
and overuse have been done in the past, and considerable relevant literature can be 
easily consulted in any medical library. In some countries efforts were made to collect 
and discuss available epidemiological data at some points in time, thus creating a 
foundation for studies of trends and enabling evaluation of results of antialcoholism 
activities and programs implemented. In some countries, mostly developing ones, 
however, in-depth alcohol epidemiological studies have never been undertaken and 
consequently the global picture is not available. The magnitude of the problem of al
cohol consumption and overuse of alcohol and particularly the magnitude of the 
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medical, social, economic, etc., problems related to alcohol use, can therefore be 
evaluated and presented on the basis of incomplete data only. The incompleteness of 
vocabulary in the whole area of nonmedical use of drugs, frequent use of terms with 
slight differences in meaning and understanding and particularly the lack of general 
international agreements concerning definitions of terms used in statistical studies al
most totally prevent, at the present time, the presentation of the worldwide scale of 
problems of alcohol dependence with the necessary scientific exactitude. 

On the other hand it can be assumed that tendencies and trends of human behavior 
tend to repeat themselves when environmental conditions of human settings and life
style are getting closer. The analysis of trends and studies of the history of alcohol use 
in a country may, therefore, be extremely useful for decision-making personnel and 
developers of health and social services programs in other countries. The interested 
reader may wish to conduct an in-depth study of the relevant literature using services 
of the largest alcohol research abstracting service, organized by Rutgers University. 

As an example of the kind of data that are commonly collected within developed, 
highly industrialized countries and used for evaluation of trends in use of alcohol, a 
few lines are quoted from the report of the Canadian Commission of Inquiry into the 
Non-medical Use of Drugs (Le Dain's Commission) in 1972 (Government of Canada, 
1972): 

"It is estimated that in Canada in 19695,45% of the drinking population (that is, 
about 617,000 persons) consumed a "hazardous" amount of alcohol, defined as 
100 ml (about 3,5 ounces), equivalent to about five social drinks of absolute alcohol 
daily." 

"Between the years 1959-1968, deaths in Canada due to alcoholism increased by 
74,8% for males and 107,4% for females. In 1969 there were 905 deaths in Canada 
due to alcoholism, including those caused by poisoning and cirrhosis of the liver." 

Another important factor may be helpful in epidemiological studies: a good indi
cation of the extent of alcohol use is given by road accidents data. Excessive drinking 
contributes to traffic accidents. Over the years 1965-1975, road accidents rates in Ku
wait, for example, have tripled. A study of autopsies in Zambia revealed that 27% of 
road accident victims had ethanol levels above 0,8 g per liter blood, and in two-thirds 
of these cases the blood level was above 2 g-%. Alcohol was implicated in 36%--60% 
and 80% of cases of letal traffic accidents in Venezuela and Alaska, respectively. 

G. Alcohol-Related Criminality 
There is an acknowledged association between alcohol and crime, particularly crimes 
of violence. Criminality due to and related to use of alcohol differs from that related 
to the use of other dependence-producing drugs. First of all, the use of alcoholic bev
erages although not forbidden, compared with nonmedical use of narcotics, does not 
enjoy the same social recognition, acceptance, and approval, and, in a large majority 
of social strata it is considered to violate the ethical and/or moral code. The 
social and financial cost of use of alcohol has been known and discussed by 
legislators for centuries, while the socioeconomic consequences of other dependence
producing drugs are a relatively new phenomenon. Alcohol is universally available; 
its purchase, sale, and possession are legal in most countries (except in some 
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Islamic states); other dependence-producing substances, particularly those narcotic 
and psychotropic drugs thus are under international control, cannot move in 
commerce outside some specifically devised channels and their private possession, 
except for legitimate personal use, is illegal almost everywhere in the world. 
Criminal acts to procure money for the purchase of alcoholic beverages are rare in 
the courts and if occurring at all, are usually of negligible importance. On the 
contrary, the majority of criminal offences related to narcotic and psychotropic 
drugs under international control concern illicit trade and activities aiming at the 
quick appropriation of salable goods or liquid money for the purchase of drugs. 

Some countries reported in 1979 to the World Health Organisation that 50% of 
their crime is alcohol related (World Health Organisation, 1978). Studies of the rela
tionship between alcohol and crimes of violence implicate alcohol in 13%-50% of 
rapes, 24%-72% of assaults, and 28%-86% of homicides (World Health Organisa
tion, 1978). 

H. The Treatment of Alcoholism 
The World Health Organization has estimated that in many countries the prevalence 
of dependence on alcohol is much greater than that of narcotics. For example in both 
Canada and the United States the prevalence of dependence on alcohol is 100 times 
greater than dependence on all controlled narcotic and psychotropic drugs. The life 
expectancy of an alcoholic is 10-12 years less than the average (JAFFE, 1975). These 
indications point to the seriousness which should be attached to the treatment of al
coholism - the most widespread drug-dependence problem in the world. In many 
countries alcoholism is among the four or five leading causes of mortality and in some 
of these countries it is moving up the scale. Alcoholism constitutes a global problem, 
spreading rapidly over previously relatively immune developing countries, and should 
be seen as a worldwide threat. Alcoholism is not restricted to anyone social class; it 
affects the poor and those who were not poor (EDWARDS, 1979). 

The main pathological disabilities resulting from or connected with the overuse of 
alcohol and requiring medical and/or social therapy include (GLASSCOTE et aI., 1972; 
JAFFE, 1975): 

1) Intoxication, including poisoning; 
2) Alcohol dependence, including the problems of abstinence syndrome during 

withdrawal; 
3) Malnutrition, often resulting in neurological disorders; 
4) Cirrhosis and other liver diseases; 
5) Psychiatric problems, both those underlying the disease and those arising from 

the use of alcohol; and 
6) Social maladjustement, including both microenvironment and family prob

lems. 
A comprehensive community alcoholism treatment and rehabilitation program 

must provide multiple methods of treatment and rehabilitation (BLUM and BLUM, 

1967). The rehabilitation of an alcoholic must be considered as a problem of the social 
system itself (HOLDER and STRATAS, 1972; NATHAN et aI., 1968; PATTISON, 1974a; PAT
TISON, 1974 b). 
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Historically, the development of alcoholism rehabilitation programs was based on 
the assumption that there was one population of alcoholics, to be treated by one best 
method, resulting in one therapeutic outcome - complete abstinence for ever (PEQUIG
NOT et aI., 1974). This model is too simplistic and is no longer acceptable. There are 
major differences among individual users, groups of users, treatment facilities, and 
treatment outcomes, and the evaluation of results of treatment requires acceptance of 
a set of criteria. 

The treatment of persons dependent on alcohol has produced encouraging results. 
However, it has often been viewed with pessimism. Evaluation of the results of treat
ment provided data differing considerably. BOWMAN and JELLINEK (1941) and PAT
TISON (1966) reported a success rate of 20%-30% only. Lack of consideration of 
criteria for evaluation of the results of treatment and acceptance of abstinence as a 
sole criterion of successful treatment produced unjustified nihilistic interpretations of 
treatment results (EINSTEIN and GARITANO, 1972; PATTISON, 1974b). The WHO Ex
pert Committee on Mental Health in its fourteenth report (1967) stated that a marked 
improvement of social recovery has been reported in up to 50%-70% of cases, de
pending mainly on the underlying personality of the person treated. A skid-row pop
ulation has a low rehabilitation potential and we can expect only a 5% success rate. 
On the contrary, an industrial population of employed alcoholics has an 80%-90% 
rehabilitation potential (PATTISON, 1974 b). Therapeutic failures are commonly more 
frequent among abusers of other drugs, and the social and cultural factors as well as 
the extent of alcoholism within the population affect the treatment results. 

Detoxification of the dependent person constitutes only one aspect of the total 
treatment and rehabilitation process. This procedure is less time consuming and dif
ficult in alcoholism than in other drug dependencies, and it is more succesful than the 
other essential therapeutic steps. Intensive treatment of psychological dependence and 
of drug-induced and other physical accompanying disorders and social and vocation
al rehabilitation and long follow-up are all needed in the majority of cases if the al
coholic is to have an optimal chance of complete recovery to a productive healthy life 
(World Health Organization, 1967). The treatment should be easily accessible, should 
exist in the vicinity and easily reach the people. The best treatment, therefore, was the 
treatment that reached the alcohol-using people (EDWARDS, 1979). The treatment 
must seek to reach the early cases and must be multimodal (EDWARDS, 1979). 

In all stages of treatment and rehabilitation of alcoholics there is a need for team 
work. The professions involved in a treatment program include general practitioners, 
psychiatrists, internal medicine specialists, psychologists, sociologists, occupational 
therapists, social workers, including probation officers, clergy men and, above all, the 
members of the family. These various categories represent a great strength in any 
treatment unit if they are well coordinated and if leadership of the team is provided 
by those with organizational abilities and humanity. For all team professions flexibil
ity of operation and an excellent knowledge oflocallegal, cultural, and socioeconomic 
factors are important stepping stones for success. Organizations such as Alcoholics 
Anonymous have their role to play. The leadership ofthe treatment and rehabilitation 
team must not necessarily be by physicians. However, the treatment of individuals de
pendent on alcohol and/or other drugs is, or should be, to a large extent a medical 
problem, and a physician must assume the ultimate responsibility for the medical 
treatment of the alcoholic. During other phases of the treatment and particularly dur-
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ing rehabilitation, other professionals have important contributions to make and 
members of the team other than physicians may appropriately carry the major role 
(World Health Organization, 1967). Nonmedical personnel are heavily involved in the 
rehabilitation phase. 

The therapists representing various disciplines and even philosophies should ac
cept the patient, emotionally as well as intellectually as a sick person and avoid a mor
alistic and condemnatory attitude (World Health Organization, 1967). 

Treatment must start with withdrawal of alcohol. This should be abrupt and com
plete. After withdrawal and detoxification, the patient should be treated with a com
bination of the available psychological, physical, and social methods best suited and 
adapted to his individual needs. The duration of treatment may be long and is mea
sured in months or even years. It overlaps early with the rehabilitation phase. It is fol
lowed and also overlaps with follow-up services during which the patient is helped to 
return to normal and socially appropriate, productive life without relying on alcohol. 
A great variety of treatment methods and types of services are available. They differ 
among countries, and even among cities within a country, and are subject to prevailing 
attitudes and societal approaches to the problem of alcoholism, social mores, and lo
cal medical schools. Pharmacological treatment may be used both in detoxification 
and rehabilitation phases. Individual and group psychotherapy and psychodrama 
have been employed in the treatment. Numerous organizations, consisting mainly of 
former alcoholics, exist in many countries. Many persons dependent on alcohol have 
been helped by these organizations with little, if any, medical collaboration. Such or
ganizations can also be instrumental in the case-finding and in the rehabilitation 
phases. 

I. Current Methods of Treatment 

Treatment of alcohol users, including dependent users, requires treatment facilities. 
Treatment encompasses procedures in intoxication, including acute medical emergen
cies as well as procedures necessary for long-term therapy and social rehabilitation 
and readaptation. Treatment facilities must be multipurpose and must range from 
very simple facilities to diagnostic and treatment centers with highly sophisticated 
equipment in the laboratory and in the clinical ward. The number of needed treatment 
facilities for various stages of the treatment and rehabilitation program depends very 
much on the dimension of the problem and can be based on the results of epidemio
logical studies. It depends also heavily on the economic resources of the country and 
to a certain extent on policy decisions. Medical care for cases requiring emergency 
treatment can be provided and assured by intensive care wards, if they are sufficient 
in number. In a number of countries, however, special outpatient stations have been 
developed to provide specialized services in acute intoxication. They remain in close 
contact with the hospitals and provide short-term bed facilities and sufficient expertise 
to cope with the most acute cases. Medical problems reSUlting from and related to 
both acute overuse and long-term, chronic use can be treated in the hospital wards 
dealing with particular internal disorders. What cannot be treated in any ward is the 
main problem resulting from alcohol overuse over a long period of time, namely al
cohol dependence. Alcohol dependence treatment, although dissappointingly com
monly evaluated as insatisfactory, is normally provided in special alcoholism treat-
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ment wards (or institutions). Such treatment is closely linked and interwoven with 
both medical and social readaptation and aims at the social reintegration of the user. 
The concepts of treatment and social readaptation are closely linked, and in fact, al
coholism treatment means both medical treatment and social readaptation. 

The legal framework within a country is instrumental in developing facilities and 
giving them wide or narrow accessibility. Human beliefs, traditions, and cultural 
habits considerably influence the creation of facilities by decision makers and the use 
of existing facilities. The effectiveness of treatment of alcohol dependence relies heavi
ly upon motivation of the dependent individual, hence a great value of microenviron
ment and the particular treatment difficulty; the need is for the creation of surround
ings oriented toward social reintegration not only in the treatment facility but also in 
the future microenvironment of the treated person. 

Virtually anyone who becomes alcoholically intoxicated in a public place may find 
himself, in any country, under police custody and may then "sleep it off' in primitive 
police premises, usually without the benefit of medical care. Whether a dependent 
user, or an "at risk of developing dependence" chronic user, is than referred to any 
treatment facility depends largely on the country (or territory of the country) in which 
his arrest occurred and under what circumstances. In most countries there are no or
ganized means of reaching problem drinkers who are unwilling to seek help. The so
cioeconomic status of drinkers also influences their projected chances for recovery in 
a number of countries. CHAFETZ et al. (1962) have demonstrated that the failure of 
treatment programs is not the alcoholic's lack of motivation; more often it is the 
failure to provide an appropriate program to which the alcoholic can respond. 

II. Referral for Treatment 

The problem drinker, including the dependent alcohol user, can be referred for as
sistance by legal, industrial, medical, or other channels. The alcohol law in a number 
of countries specifies the conditions under which treatment becomes obligatory. A 
small but constantly growing number of industrial companies now include clinical al
coholism treatment referral services for their employees. The family physician or the 
general practitioner still play the vital role in the referral of alcohol-related disabilities 
because the general practitioners usually have much greater and easier contact with 
the user and his family and have greater persuasive powers on the basis of detailed 
knowledge of the microenvironment. The decision as to what kind of services may be 
helpful and indeed are needed must be timely. A variety of other formal or informal 
routes may be created that may serve as a system for detecting problem drinkers: cler
gymen, family counselors, social welfare workers, youth organization leaders, and in
terested relatives and friends. The effectiveness of such networks is unknown, due in 
part to their informality. 

III. Treatment Facilities 

1. General Hospitals 

The treatment typically provided in general hospitals is very limited; in most cases it 
deals only with the patient's intoxication and other urgent medical problems or medi
cal complications related to alcohol use and connected behavior. Only rarely are at-
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Table 3. Existing facilities for prevention and treatment of dependence on alcohol and/or other 
drugs. Each of the facilities carries out one or more of the following functions: Case-finding, 
diagnosis, assessment, detoxification, withdrawal, active treatment, rehabilitation, after-care, 
follow-up, long-term care (World Health Organization, 1967) 

Facilities as part of other services 
General health services: general hospitals, outpatient departments, health centers, day-care 

centers, family physicians. 
Mental health services: mental hospitals, institutions for long-term care, outpatient departments, 

community mental health centers, day hospitals, night hospitals, halfway houses, private 
psychiatrists. 

Industrial health services: social and wefare services (including sheltered workshops). 
Educational institutions 
Religious agencies 
Law-enforcement agencies 

Special facilities 
Information centers (United Kingdom, United States, other countries) 
Sobriety boards (Scandinavia) 
Hang-over clinics (Finland) 
Sobering-up stations (Poland) 
Medical consultation bureaux (Netherlands) 
Special withdrawal facilities 

Ex-patients organizations (e.g., Alcoholics Anonymous) 
Halfway houses for ex-patients 
Clubs for ex-patients 
Rehabilitation farms and work colonies 

tempts made to deal with the drinking problem or to develop a plan for the patient's 
continued treatment. Referral to psychiatric or social service departments or to a spe
cialized treatment agency depends on local administrative arrangements and the gen
eral policy. General hospitals, while suffering a continuous burden of services ren
dered to patients treated because of ailments related to alcohol use, make a limited 
contribution toward solving the problems of alcohol-related disabilities and alcohol 
dependence. 

2. Mental Hospitals 

Only a limited number of mental hospitals have specialized wards or programs for 
treatment of alcohol-dependent drinkers. Milieu therapy and intensive individual psy
chotherapy are usually employed. Most specialized wards deal with selected patients. 
The selection ensures that there is no serious psychiatric or physical condition present 
that would make admission to an alcoholic ward inadvisable. 

3. Detoxification Centers 

Detoxification centers serve a limited but increasingly important function as the first 
stage in a system of alcoholism treatment facilities. Such centers, usually established 
in major urban areas, frequently provide the most needed first contact. Their structure 
and staffing are vital for further referral and considerably influence users' attitudes. 



Dependence-Producing Effects and Alcohol Dependence Syndrome 259 

Usually upon arrival at a detoxification center clients are simply cleaned up, treated 
with necessary psychoactive and cardiovascular drugs, put to bed, and kept under ob
servation. After this "drying up" procedure, which usually takes about 1 day, coun
seling should be given by appropriate staff. In practice many such centers have no for
mal system of referral for further services and serve as primary help centers. In some 
countries the names of clients are forwarded to employers, in the hope of creating a 
negatively reinforcing environment arount the client. 

4. Transitional Facilities 

Halfway houses have qualities useful in the treatment of alcoholics. Their managers 
frequently set up detailed conditions of admissions, and the internal rules are followed 
with an iron hand. Residents are expected to find employment and be involved in the 
resocialization and reintegration efforts. The treatment milieu and goal of all halfway 
houses is total abstinence. However, the methods applied and the internal arrange
ments, financing, and incorporation into general medical services by referral systems 
differ considerably among countries. Many halfway houses make extensive use of Al
coholics Anonymous. The inmates are expected to modify their behavior patterns. 

5. Alcoholics Anonymous 

Alcoholics Anonymous (AA) and similar groups have been helpful in the rehabilita
tion of certain types of drinkers. The organization is usually operated by former al
cohol users. The new members are confronted by persons who at once convey under
standing and concern and provide models for correct behavior. Each member partici
pates in meetings and other activities. It helps to avoid contact with the previous en
vironment in which drinking occurred, to keep the new member away from the former 
micro society and in the company of people who share his concern about excessive 
drinking. However, only a small percentage of compUlsive users seem motivated 
enough to seek admission to such groups; fewer still enter after learning what is ex
pected of members, and many leave within some weeks after joining. Those who re
main in residential programs do well while they are members and many continue to 
do well after they leave. The evaluation of effectiveness of AA activities is rarely 
undertaken, and opinions concerning their value and impact upon the results of cu
rative and reintegrative services provided differ in the literature. One should underline 
that even the mere existence of such groups provides opportunities for those in need 
of discussing their problems, and such psychological support frequently becomes an 
invaluable incentive for further treatment. 

6. Pharmacological Methods in the Treatment of Alcohol Dependence Syndrome 

In general, drugs playa limited role in the overall management of alcohol dependence 
syndrome, but are necessary adjuncts in the control of alcohol withdrawal reactions. 
HOLLISTER (1976) singles out two major principles oftreatment of alcohol withdrawal 
reactions: (1) a replacement of alcohol with a pharmacologically equivalent drug, and 
(2) a gradual withdrawal of the equivalent drug. Dosage of the maintenance (substi
tutive) drug must be flexible and adapted to individual and varying needs of the 
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patient. Benzodiazepines (chlordiazepoxide, diazepam) and clomethiazole edisylate 
(chlormethiazole) are frequently used. Very high doses may be required to counteract 
the withdrawal symptoms. Since these drugs are themselves dependence producing, 
their use should be short time; weaning from the sedative drug should be gradual and 
guided by the clinical symptoms. The low-dosage continuation of such medication is 
recommended by HOLLISTER (1976), among others, for a limited period in the early 
recovery phase to relieve tension and to prevent the return of drinking. Higher doses 
may be necessary to manage psychiatric complications. 

Good supportive treatment prevents more serious withdrawal complications, such 
as convulsions and delirium tremens. Very detailed and careful medical supervision 
is essential. 

a) Disulfiram 

Disulfiram (Antabuse) was developed in Denmark in the late 1940s. It alters the me
tabolism of ethyl alcohol. With its introduction the destruction of acetaldehyde is re
tarded, and the accumulation of this highly toxic compound provokes intensely un
pleasant effects, which may include nausea and vomiting and sometimes also danger
ous cardiovascular effects. The patient who understands what disulfiram is doing real
izes that, "if he takes a drink it is no longer whiskey, rum, wine or beer that he is drink
ing but acetaldehyde." Disulfiram thus has a deterrent effect on the alcoholic. 

Disulfiram inhibits the activity of the enzymes alcohol dehydrogenase and aldehy
de dehydrogenase, resulting in the accumulation of ethanol and its major metabolite, 
acetaldehyde (MUSACCHIO et aI., 1966). In the organism, ethanol and acetaldehyde, 
in concentrations comparable to those seen in man after ingestion of ethanol, have 
sympathomimetic effects that are dependent on release of catecholamines (EADE, 
1959). After disulfiram treatment, depletion of noradrenaline and accumulation of its 
precursor, dopamine, has been demonstrated in the heart and in the central nervous 
system (GOLDSTEIN et aI., 1964; GOLDSTEIN and NAKAJIMA, 1966). Disulfiram inhibits 
also dopamine p-hydroxylase activity. Disulfiram is slowly and incompletely absorb
ed from the gastrointestinal tract, or from tablets (Esperal) implanted under the skin. 
Its maximum effect is achieved in 12-24 h after oral ingestion; the effect lasts for 3-4 
days. 

A major metabolite of disulfiram, diethyldithiocarbamate, chelates copper, which 
is essential for the activity of the enzyme dopamine p-hydroxylase (GOLDSTEIN and 
PAL, 1971). In animals dopamine p-hydroxylation constitutes a rate-limiting step in 
noradrenaline synthesis. It has been suggested that altered synthesis disturbs adrener
gic function and plays a role in the hypotensive aspect of the ethanol - disulfiram reac
tion in man. ROGERS et aI. (ROGERS et aI., 1979) evaluated adrenergic function in seven 
normal subjects before and during disulfiram administration (500 mg/day orally for 
2 weeks). The decrease of excretion in urine of vanilmandelic acid (VMA) and nor
adrenaline and the increase of excretion of homovanillic acid (HV A) were consistent 
with reduced noradrenaline synthesis during disulfiram administration. ROGERS et aI. 
(1979) stated that the cardiovascular responses to usual activities were unchanged by 
disulfiram and only with extreme hypotensive stress was there evidence of impaired 
response. 

The main drawback of disulfiram use is that the patient has to take the deterring 
medicament continuously and regularly. If he fails to do so, he can easily relapse into 
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his drinking habit. Attempts were made to introduce long-term effect pharmaceutical 
forms. Tablets (Esperal) to be inserted under the skin enjoy a certain popularity. They 
provide a monthly supply through slow release of the tablet and can be quite helpful 
in less well-motivated users. 

Several drugs (e.g., Dipsan, Temposil) producing sensitization to alcohol effects 
have been recommended and are in a use on a small scale in a number of countries; 
none, however, was shown to be better than disulfiram. 

b) Psychoactive Medicaments 

Tranquilizers (ataractics, anxiolytics) combined not infrequently with antidepressants 
are prescribed to alleviate anxiety and depression. This mode of treatment might serve 
as a kind of maintenance therapy. The tranquilizers would be substituted for alcohol 
much as methadone is being used in the substitution maintenance treatment of heroin 
dependence. Such long-term cure may make it easier to eventually achieve a complete 
cure with the help of long-continued psychotherapy. 

c) Aversive Conditioning 

Many methods of conditioning alcoholics against the consumption of liquor have 
been tried. Most frequently, drugs which induce nausea and vomiting are given just 
before the patient is encouraged to drink alcohol. Painful electric shocks have been 
also used as conditioning stimuli. Apomorphine and emetine were administered. 
Short-term muscle nerve endings paralyzing drugs (e.g., suxamethonium) were also 
applied by some teams. However, FRANKS (1966) has shown that this form of condi
tioning did not bring about any long-term improvements. 
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CHAPTER 13 

Psychotropic Effects of Opioids 
and Opioid Antagonists 
S. R. GOLDBERG, R. D. SPEALMAN, and H. E. SHANNON 

A. Introduction 

The discovery that morphine and related drugs combine with specific receptors in ner
vous tissue and the subsequent indentification of endogenous peptides with high af
finity for these receptors (GOLDSTEIN, 1976; HUGHES and KOSTERLITZ, 1977; SNYDER 
and SIMANTOV, 1977; TERENIUS, 1978; BEAUMONT and HUGHEs, 1979) have served to 
enhance interest in the psychotropic effects of opioids and opioid antagonists. 1 In re
cent years there has been a rapid increase in the development of new opioids and an
tagonists which have proved to be effective therapeutic agents as well as useful ex
perimental tools. In the present chapter we will review the psychotropic effects of these 
drugs. The chapter is divided into two major sections: I) signs, symptoms, and sub
jective effects in humans; and 2) experimental analysis of behavioral effects in labo
ratory animals. 

B. Evaluation of Signs, Symptoms, and Subjective Effects in Humans 

I. Introduction 

The importance of characteristic patterns of drug-induced changes in signs, symp
toms, and subjective effects for assessing morphine-like drugs was recognized very 
early. ISBELL and co-workers first attempted to define and assess the subjective 
changes produced specifically by morphine and related drugs (ISBELL, 1948). These 
changes included increased talkativeness, reports of satisfaction with the effects of the 
drug, requests for increased doses of the drug, and, with larger doses, slurring of 
speech, motor ataxia, and evidence of marked sedation. Prior to 1960, however, drug
induced changes in subjective effects were evaluated primarily by clinical judgment. 
FRASER and ISBELL (1960) introduced the first questionnaires into studies of drugs for 
morphine-like abuse liability. FRASER et al. (1961) developed, among other question
naires, the "single-dose opiate questionnaires" for subjects and trained observers in 

The views expressed by the authors do not necessarily reflect the opinions, official policy, or 
position of the Addiction Research Center, the National Institute on Drug Abuse, the Alcohol, 
Drug Abuse and Mental Health Administration, or the U.S. Department of Health, 
Education and Welfare. 
1 There is no fully accepted way to classify drugs as opioids or opioid antagonists. After JAFFE 

and MARTIN (1980), the term "opioid" is used here in the generic sense to designate drugs 
that to varying degrees have morphine-like actions. The term "opioid antagonist" designates 
drugs that to varying degrees block the actions of opioids. Many of the drugs discussed here 
have both types of effects 
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order to assess systematically the signs, symptoms, and reports of subjective effects 
resulting from administration of various opiates. These questionnaires are still among 
the basic instruments utilized to measure the subjective effects of opioids and opioid 
antagonists. 

It was also recognized that standardized questionnaire scales were needed to dis
tinguish changes in reports of subjective effects produced by drugs from different clas
ses. To this end, the Addiction Research Center Inventory (ARCI) was developed and 
validated statistically in postaddict subjects (HAERTZEN et aI., 1963; HAERTZEN, 

1974 a). From the ARCI, which contains 550 true-false items, short scales were empiri
cally developed which discriminated placebo from particular drug conditions. The 
original scales distinguished subjective effects induced by morphine, pentobarbital, 
chlorpromazine, LSD, pyrahexyl, amphetamine, and alcohol from placebo and no
drug conditions (HILL et aI., 1963 a, b). Subsequently, pattern, or drug group, scales 
were developed because of the commonality of a large number of items among the em
pirical scales (HAERTZEN, 1966). The three most commonly used group scales are: the 
morphine-benzedrine group (MBG) scale, which measures reports of morphine-like 
subjective effects; the pentobarbital-chlorpromazine-alcohol group (PCAG) scale, 
which measures effects produced by sedative-hypnotics; and the LSD scale, which 
measures psychotomimetic effects. The profile of scores on these three scales has been 
used to evaluate an extensive series of opioids, opioid antagonists, and other psy
choactive drugs (HAERTZEN, 1974b). 

Operationally, then, drug-induced subjective effects have been defined as statisti
cally reliable, dose-related changes in responses to items on specifically designed ques
tionnaires. The procedures have been described in detail elsewhere (e.g., JASINSKI et 
aI., 1971 a). Drugs are administered to nondependent subjects with a history of opiate 
abuse under double-blind conditions and according to a crossover design. Each sub
ject receives placebo, two or three doses of a standard drug such as morphine, and 
two or three doses of the test drug. The drugs are administered in random order with 
a minimum 7-day interval between each drug administration. At timed intervals after 
drug or placebo administration, subjects and trained observers complete the single
dose opiate questionnaire and subjects also complete a "subjective drug-effects ques
tionnaire" containing items from the MBG, PCAG, and LSD scales. Concurrently, 
pupil diameter is measured photographically as a physiologic measure of drug action. 
The responses on the questionnaires are quantified using a standard scoring system. 
Dose-response curves are constructed using the group mean scores for the standard 
and test drugs for each of the measurements, and relative potencies are calculated 
from these dose-response curves with statistical methods for parallel-line bioassays. 

II. Opioid Analgesics 

1. Effects of Single Doses in Nondependent Subjects 

Single-dose opiate questionnaires have been used extensively to assess the signs, symp
toms, and reports of subjective effects following the administration of opioid analge
sics. One question asked of the subjects (and observers) is to identify the drugs admin
istered to the subject from among a list of drugs [including the possible answers of opi
ate ("dope"), barbiturate ("goofballs"), LSD ("acid"), "blank", and "other"]. Sub-
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jects rarely identify placebo as active drug. In a direct comparison of graded doses of 
morphine and heroin, MARTIN and FRASER (1961) demonstrated that the percentage 
of subjects who recognized and correctly identified either morphine or heroin as an 
opiate was linearly related to dose. In general, about 50% of subjects identify 6 mg/ 
70 kg morphine administered subcutaneously or intramuscularly as an opiate with the 
other half reporting a "blank"; about 90% of the subjects correctly identify 20 mg/ 
70 kg morphine as an opiate (see also MARTIN, 1966). Subjects also are able to dis
criminate morphine from other psychoactive drugs. Morphine has been directly com
pared in double-blind crossover experiments with pentobarbital (MARTIN et aI., 1974), 
D-amphetamine (JASINSKI and NUTT, 1972), nalorphine, and cyclazocine (MARTIN et 
aI., 1965). Subjects often confused lower doses of these drugs, but with larger doses, 
subjects correctly discriminated morphine from the other drugs. 

With the single-dose opiate questionnaires, subjects and observers also are asked 
to report which signs and symptoms occur after drug administration from among a 
list of items. The frequency with which subjects report the symptoms "itchy skin," 
"relaxed," "coasting," and "drive" and with which observers report the signs 
"scratching," "coasting," and "nodding" have been shown to increase with dose of 
an opioid (MARTIN and FRASER, 1961). Additionally, subjects are asked to rate their 
degree of "liking" for the drug on a five-point ordinal scale. Morphine produces both 
dose- and time-related changes in the "liking" scores, with higher doses producing 
higher average scores. 

The subjective drug-effect questionnaire containing 40 items from the MBG, 
PCAG, and LSD scales of the ARCI was first introduced into assessment studies of 
opiate derivatives by JASINSKI et aI. (1971 a). Morphine produces dose-related in
creases in scores on the MBG scale but not on the PCAG or LSD scales. Items on 
the MBG scale primarily relate to reports of well-being, self-esteem, satisfaction, and 
competence. Although morphine may on some occasions produce increases in the 
PCAG scale related to sedative-like subjective effects, this is not typical and tends to 
occur several hours after drug administration. For example, in a direct comparison 
of morphine and buprenorphine (JASINSKI et aI., 1978), 30 mg/70 kg morphine pro
duced significant increases in MBG scale scores but not in PCAG scale scores during 
the first 6 h following acute administration. From 12 to 30 h after drug administra
tion, the subjects continued to identify the drug as opiate-like, but scores on the 
PCAG scale were significantly elevated while MBG scale scores were not. 

2. Effects in Tolerant Subjects 

In subjects tolerant to morphine, single acute doses of morphine produce much 
smaller changes in scores on the MBG scale than are produced in non tolerant sub
jects. The effects of an acute dose of morphine in tolerant subjects also differ quali
tatively in that symptoms primarily related to apathy and sedation are reported and 
scores are elevated on the PCAG scale (HAERTZEN and HOOKS, 1969). Subjects report 
feeling tired and are observed to be hypochondriacal and withdrawn. "Liking" scores 
also may decrease during chronic administration of morphine (FRASER et aI., 1961). 
Similar findings have been obtained for chronically administered heroin (HAERTZEN 
and HOOKS, 1969) and methadone (MARTIN et aI., 1973a). During abrupt withdrawal of 
morphine, heroin, or methadone, subjects report tiredness, lack of motivation, tense-
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ness, irritability, and inefficient physical, social, and intellectual functioning, and scores 
are elevated on the PCAG and opiate withdrawal scales of the ARCI (HAERTZEN 
et aI., 1970). During withdrawal from morphine and related opioids, subjects re
peatedly request drugs for relief of their symptoms. Scores on the PCAG and opiate 
withdrawal scales generally return to control values within 6 to 8 weeks, but a pro
tracted abstinence syndrome, defined primarily in terms of physiologic changes, has 
been reported to persist for as long as 24 weeks (MARTIN and JASINSKI, 1969; MARTIN 
et aI., 1973 a). During protracted abstinence from methadone, scores on the narcotic 
antagonist scale of the ARC I are significantly elevated (but scores on the opiate with
drawal scales are not). Scores also tend to be elevated on scales related to apathy and 
sedation (e.g., PCAG) and decreased on scales related to feelings of well-being (e.g., 
the MBG). 

3. Opioid Analgesics of Low Abuse Liability 

Codeine, meperidine, and D-propoxyphene have a low incidence of illicit use relative 
to the extent oflicit use (JASINSKI, 1977). Pharmacologically these three drugs are quite 
similar. All produce morphine-like subjective effects in that they are identified as an 
opiate and produce dose-related increases in opiate signs and symptoms and increases 
in "liking" scores. Scores are elevated on the MBG scale but not the LSD scale; me
peridine, but not codeine or D-propoxyphene, increases PCAG scale scores. All three 
drugs suppress abstinence in morphine-dependent subjects, although meperidine and 
propoxyphene appear to only partially suppress morphine abstinence. During with
drawal from each of these three drugs, subjects identify the abstinence symptoms as 
opiate-like and request drugs for relief. The lower abuse liability of these drugs ap
pears to be related to factors such as their low potency, tissue irritant properties, low 
solubility, and toxic side effects which limit their effectiveness in producing strong 
morphine-like effects. 

4. Dextrorphan and Dextromethorphan 

Dextrorphan (D-3-hydroxy-N-methylmorphinan) and dextromethorphan (D-3-
methoxy-N-methylmorphinan) are dextrorotatory isomers of opiates but are general
ly devoid of opiate-like properties. ISBELL and FRASER (1953) reported that single 
doses of dextrorphan and dextromethorphan administered both orally and sub
cutaneously up to 100 mg per dose produced neither opiate-like subjective effects nor 
pupillary constriction in nondependent subjects. JASINSKI et ai. (1971 b) compared 
dextromethorphan directly with morphine and nalorphine in a double-blind crossover 
study. In doses up to 240 mg/70 kg, dextromethorphan did not produce significant 
opiate signs and symptoms scores, significant increases in "liking" scores, nor signif
icant increases in MBG scale scores. Subjects frequently identified dextromethorphan 
as a barbiturate. Oral dextromethorphan produced significant increases in LSD and 
PCAG scale scores, although subcutaneously administered dextromethorphan signifi
cantly elevated only LSD scale scores. These effects of dextromethorphan were similar 
to those observed with high doses of nalorphine (30 mg/70 kg) in the same subjects. 
Dextromethorphan could be distinguished from nalorphine, however, in that the 
former drug produced mydriasis whereas the latter produced miosis. 
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5. Subject Population 

The quantitative assessment of subjective effects of opioids and related drugs has been 
conducted almost exclusively with subjects sophisticated in the use of opioids and 
other psychoactive drugs (see MARTIN, 1966, for a detailed description of this subject 
population). On the other hand, subjects with either no experience or only limited ex
perience with opioids usually describe their effects as unpleasant when these drugs 
have been given in structured experimental settings. Students, for example, frequently 
reported drowsiness, tiredness, and sleepiness, as well as nausea and itching after mor
phine or heroin, while symptoms such as friendliness, geniality, peacefulness, satisfac
tion, and detachment were reported less frequently (SMITH and BEECHER, 1959, 1962; 
SMITH et aI., 1962). Symptoms such as nausea, dizziness, headache, inability to con
centrate, loss of interest, and sleepiness, which are reported as unpleasant by nonad
dict subjects (e.g., LASAGNA et aI., 1955), may be reported as desirable by addict sub
jects. 

m. Partial Agonists of the Morphine Type 

A partial agonist acts on the same receptors as an agonist, but due to its lower degree 
of efficacy or intrinsic activity cannot produce the same magnitude of effect (T ALLARI
DA and JACOB, 1979). Under appropriate conditions, therefore, a partial agonist may 
antagonize the actions of an agonist. Subjects dependent on 240 mg/70 kg per day of 
morphine have been considered to have near-maximal dependence (ANDREWS and 
HIMMELSBACH, 1944) and therefore near-maximal receptor occupation. Consequently, 
a partial agonist would displace morphine and reduce the degree of agonist activity, 
thereby precipitating abstinence signs and symptoms (e.g., JASINKSI et aI., 1971a). In 
subjects dependent on only 60 mg/70 kg per day of morphine, however, a much 
smaller proportion of the receptors would be occupied and the displacement of mor
phine by a partial agonist could be offset by the partial agonist occupying more recep
tor sites and thus substituting for morphine. 

1. Profadol and Propiram 

In a series of studies by JASINSKI et ai. (1971 a), the effects of profadol and propiram 
were evaluated in nondependent and in morphine-dependent subjects. In subjects de
pendent on 240 mg/70 kg per day of morphine, profadol and propiram precipitated 
abstinence signs and symptoms; in contrast, these drugs suppressed signs and symp
toms of abstinence in subjects dependent on 60 mg/70 kg per day of morphine. Sub
jects identified single doses of profadol or propiram as an opiate, and both drugs pro
duced dose-related increases in opiate symptom and sign scores, "liking" scores, and 
MBG scale scores. Neither drug produced PCAG and LSD scale scores greater than 
those observed with morphine. When profadol and propiram were administered 
chronically, subjects identified both drugs as opiate-like. Nalorphine precipitated ab
stinence in subjects dependent on either profadol or propiram. The subjects identified 
abstinence symptoms from these agents as opiate-like and requested opiate adminis
tration for relief. 
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2. Buprenorphine 

On the basis of clinical and experimental studies in animals, buprenorphine appears 
to be a partial agonist ofthe morphine type. In the chronic spinal dog (MARTIN et aI., 
1976), buprenorphine produced typical morphine-like effects in single doses and 
physical dependence with chronic administration. Lower doses ofbuprenorphine sup
pressed morphine abstinence whereas higher doses precipitated a mild abstinence syn
drome in morphine-dependent dogs. In addition, ceiling effects occurred with single 
doses of buprenorphine, and the slopes of the dose-response curves for suppression 
and precipitation of abstinence were relatively flat. 

In man, single doses ofbuprenorphine also produced typical morphine-like effects 
(JASINSKI et aI., 1978; MELLO and MENDELSON, 1980). Subjects identified buprenor
phine as an opiate, and it produced dose-related increases in opiate symptom and sign 
scores. During the first 5 h after administration, this drug produced dose-related in
creases in "liking" scores and MBG scale scores, while scores on the PCAG and LSD 
scales were comparable to those obtained with morphine. From approximately 6 to 
36 h after an acute dose ofbuprenorphine, however, PCAG scale scores were signifi
cantly elevated, but buprenorphine was still identified as an opiate by the subjects. 
During chronic administration, subjects identified buprenorphine as an opiate, and 
"liking" scores were comparable to those obtained with the chronic administration of 
morphine. Acute administration of morphine up to 120 mg/70 kg was without effect 
during chronic buprenorphine administration. Naloxone failed to precipitate absti
nence at a dose (4 mgf70 kg) well above that required to precipitate abstinence in mor
phine-dependent subjects. Interestingly, upon abrupt discontinuation of chronically 
administered buprenorphine, abstinence signs and symptoms were not reported in 
some subjects until day 15 of withdrawal. During the time that each of the subjects 
reported abstinence symptoms, they requested opioids for relief. 

IV. Pentazocine-Like Opioids 

Pentazocine, nalbuphine, and butorphanol produce many effects in common with 
morphine although they are opioid antagonists in laboratory animals (e.g., BLUMBERG 
and DAYTON, 1974; PACHTER, 1974). These three compounds differ from profadol and 
propiram, however, in that they fail to suppress abstinence in human subjects depen
dent on 60 mg/70 kg per day of morphine as well as in the qualitative nature of the 
subjective effects they produce. The profile of subjective effects which these com
pounds produce distinguishes them from morphine-like agents as well as from 
cyclazocine- or nalorphine-like agents. 

1. Effects of Acute Doses 

Pentazocine in doses up to approximately 40 mg/70 kg produced typical morphine
like effects which were similar to those produced by 10 mg/70 kg morphine (JASINSKI 
et aI., 1970). In this dose range, pentazocine was identified by subjects predominantly 
as opiate-like and produced dose-related increases in opiate symptom and sign scores 
as well as increases in "liking" scores. The 40-mg dose of pentazocine increased MBG 
scale scores comparable to those obtained with 10 mg morphine. No increases in 
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PCAG and LSD scale scores were observed up to 40 mg pentazocine. When the dose 
of pentazocine was increased to 60 mgj70 kg, the overall pattern of subjective effects 
changed. Although opiate symptom and sign scores remained elevated, the source of 
the points differed between 60 mg pentazocine and 10 or 20 mg morphine. Morphine 
primarily increased the frequency of reports of the symptoms "itchy skin," "relaxed," 
and "coasting" whereas reports of the symptoms "nervous," "drunken," and "other" 
were frequently reported with the high dose of pentazocine. While "liking" scores re
mained elevated with the 60-mg dose of pentazocine, MBG scale scores were not. 
Moreover, scores on the PCAG and LSD scale were elevated. This pattern of effects 
obtained with the larger dose of pentazocine resembles that obtained with nalorphine 
and cyclazocine (see Sect. V). 

The subjective effects produced by nalbuphine are similar in most respects to those 
produced by pentazocine (JASINSKI and MANSKY, 1972). Low doses (up to 24 mgj 
70 kg) were identified by subjects as opiate-like and produced increases in opiate 
symptom and sign scores as well as "liking" scores. Only small increases were seen in 
MBG scale scores, however, along with slight increases in PCAG scale scores. LSD 
scale scores were not elevated by low doses of nalbuphine. Increasing the dose of nal
buphine to 72 mgj70 kg produced a qualitative change in the subjective effects similar 
to that observed with the 60 mgj70 kg dose of pentazocine. The symptoms and signs 
"sleepy," "drunken," and "other" were more frequently reported with the highest 
dose of nalbuphine than with morphine. In contrast to pentazocine, the item "ner
vous" was reported infrequently, although more often for nalbuphine than for mor
phine. The highest dose of nalbuphine did not further increase the MBG scale scores, 
but did produce a significant increase in PCAG scale scores and a small increase in 
LSD scale scores. JASINSKI and MANSKY (1972) concluded that, because of the small 
increases in MBG scale scores, significant increases in PCAG scale scores and slight 
increases in LSD scale scores, the subjective effects of nalbuphine more closely re
semble those of pentazocine than those of morphine, but include less psychotomimetic 
effects than those of pentazocine. 

Acute doses of butorphanol produced some effects in common with morphine, in
cluding significant dose-related "liking" scores and opiate symptom and sign scores 
(JASINSKI et aI., 1975). As for pentazocine and nalbuphine, reports of the symptoms 
"nervousness" and "drunkenness" were more frequent for butorphanol than mor
phine. Subjects identified butorphanol as an opiate or as a barbiturate or alcohol with 
approximately equal frequency. Moreover, butorphanol did not increase MBG scale 
scores, but did produce significant increases in PCAG and LSD scale scores. 

2. Chronic Administration 

During chronic administration, subjects predominantly identified pentazocine, nalbu
phine, and butorphanol as nonopiates whereas observers typically identified these 
drugs as opiate-like (JASINSKI et aI., 1970; JASINSKI and MANSKY, 1972; JASINSKI et aI., 
1976). Subjects typically were unable or refused to identify pentazocine, identified nal
buphine as an opiate or nonopiate with approximately equal frequency (when identifi
cations were given), and identified butorphanol predominantly as a barbiturate. Ob
servers also frequently identified chronically administered butorphanol as a barbitu
rate. During chronic administration, particulary with higher doses, subjects reported 
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irritability, nervousness, and inability to sleep, as well as strange and vivid dreams. 
Subjects also complained of racing and uncontrollable thoughts. Typically, subjects 
were indifferent toward these drugs as supported by the predominance of "don't care" 
reponses to the question, "Would you like to take the drug every day?", and a lack 
of increases in "liking" scores. Subjects tended to identify abstinence symptoms from 
these agents as opiate-like although clear differences existed between the characteris
tics of the morphine abstinence syndrome and the abstinence syndromes of pen
tazocine, nalbuphine, and butorphanoi. However, subjects reported withdrawal from 
these drugs as uncomfortable and requested drugs for relief of symptoms. 

V. N alorphine- and Cyclazocine-Like Antagonists 

1. Effects of Acute Doses 

The profile of the subjective effects of the narcotic antagonists nalorphine and 
cyclazocine is readily distinguishable from that of morphine. Early studies utilizing 
the singe-dose opiate questionnaire (MARTIN et aI., 1965) determined that lower doses 
of these two drugs are frequently identified as an opiate, although they may also be 
identified as a barbiturate. Higher doses of both nalorphine and cyclazocine were pre
dominantly identified as a barbiturate. Both drugs significantly increased "liking" 
scores as well as opiate symptom and sign scores, but with the items "sleepy" and 
"drunkenness" contributing relatively more to the scores for nalorphine and 
cyclazocine than for morphine. In more recent studies using the ARC I questionnaire, 
cyclazocine and nalorphine produced no significant increases in responses on items 
generally taken as related to a sense of well-being, but significantly increased respon
ses on items related to the sedative, drunkenness, and disorienting effects of barbitu
rates as well as to psychotomimetic phenomena (HAERTZEN, 1970). Subsequently, 
nalorphine and cyclazocine were evaluated using the MBG, PCAG, and LSD scales 
(JASINSKI et aI., 1968 a; JASINSKI et aI., 1971 a; JASINSKI et aI., 1975). Both drugs failed 
to increase MBG scale scores, but significantly increasd PCAG and LSD scale scores. 

2. Chronic Administration 

During chronic administration of nalorphine or cyclazocine, observers predominantly 
identified the effects as opiate-like, whereas subjects less readily identified the effects 
of these drugs (MARTIN et aI., 1965; MARTIN and GORODETZKY, 1965). When subjects 
reported identifications, nalorphine was identified most frequently as an opiate 
whereas cyclazocine was identified predominantly as a barbiturate. Subjects were in
different to these drugs during chronic administration, as evidenced by tpe answer 
"don't care" to the question "Would you like to take the drug every day?". Tolerance 
as well as cross-tolerance developed to the subjective effects of both nalorphine and 
cyclazocine as evaluated by scores on the opiate symptoms and signs scales. Upon 
abrupt withdrawal of either antagonist, subjects reported abstinence symptoms, but 
made no requests for drugs for relief of these symptoms. While the qualitative natures 
of the abstinence syndromes for nalorphine and cyclazocine were similar, they could 
be differentiated from the morphine abstinence syndrome on the basis of signs and 
symptoms which contributed points to the abstinence scores. 
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VI. Naloxone and Naltrexone 

Neither naloxone (JASINSKI et aI., 1967) nor naltrexone (MARTIN et aI., 1973 b) in doses 
up to 24 and 30 mgj70 kg, respectively, produced measurable changes in responses on 
the single-dose opiate questionnaire, or on the MBG, PCAG, and LSD scales. Few 
if any behavioral or physiologic changes were observed during chronic administration 
and withdrawal of naloxone or naltrexone in doses of 90 and 50 mgj70 kg per day, 
respectively. These findings led to the conclusion that naloxone and naltrexone are 
opioid antagonists with little agonist activity. 

VIT. Discussion 

1. Quantitative Evaluation of Subjective Effects 

Drug-induced changes in reports of subjective effects are central elements in predict
ing the therapeutic usefulness as well as the abuse liability of pharmacologic agents. 
Quantitative methods using questionnaires for assessing reports of subjective effects 
have been developed and validated both statistically and pharmacologically. The pat
tern of dose-related changes in scores on these questionnaires distinguishes among 
classes of psychoactive drugs, including opioid agonists and antagonists. Table 1 sum
marizes these patterns for representative opioid agonists, partial agonists, and antag
onists. Results have been reproducible across studies, even when conducted several 
years apart, and across different routes of drug administration. In addition, there has 
been good concordance among potency estimates for subjective effects, changes in pu
pil diameter, suppression of abstinence, and analgesia (JASINSKI, 1977). These oper
ational methods for assessing subjective effects have been of major importance in as
sessing opioids and synthetic analgesics. 

2. Evaluation of Morphine-Like Abuse Liability 

The underlying principle in evaluating the abuse liability of opioid agonists and an
tagonists has been that drugs which are pharmacologically equivalent will have a simi
lar liability for abuse. The actual frequency of abuse of a drug depends on many 
factors, including legal controls, the overall availability of the drug, and its physico
chemical properties (e.g., water solubility), as well as the prevailing attitudes and cus
toms of society. Other factors of importance include side effects or toxicity, which may 
be unique to a particular congener. In subjects with a high degree of physical depen
dence on an opiate, partial agonists and antagonists can precipitate an abstinence syn
drome which renders these drugs unacceptable to them. The relative degree of opioid, 
and other drug, abuse also may be a function of the subject or patient population. As 
discussed earlier, persons without a history of opioid abuse often report that the sub
jective effects of morphine are unpleasant. 

Drugs which (1) produce morphine-like effects on the single-dose opiate question
naire, (2) elevate scores on the MBG but not PCAG or LSD scales, (3) suppress mor
phine abstinence, and (4) produce a morphine-like physical dependence have general
ly been assessed as having a high abuse liability similar to that of morphine. Metha
done and heroin are examples of such drugs. On the other hand, the morphine-like 
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properties of codeine and D-propoxyphene are well recognized, but both drugs would 
be expected to have an abuse liability lower than that of morphine on the basis ofless
er solubility, tissue-irritant properties, availability predominantly as oral preparations 
in low dosage units, and side effects which limit the ability to attain strong morphine
like effects (see JASINSKI, 1977, for discussion). Epidemiologic measures have support
ed the conclusion that codeine and D-propoxyphene have lower abuse liabilities com
pared with morphine (JASINSKI, 1977). 

3. Psychotomimetic Effects 

The psychotomimetic effects of nalorphine and cyclazocine as well as pentazocine-like 
agents have been widely recognized. The capacity of these agents to produce psy
chotomimetic effects differs, however, particularly when compared at doses which are 
approximately equimiotic. Equimiotic doses often are used for comparisons because 
changes in pupil diameter have been measured concurrently with subjective effects 
and because equimiotic doses are approximately equianalgesic and thus are predictive 
of therapeutic doses. At approximately equimiotic doses, cyclazocine (1.0 mg/70 kg) 
clearly has the most psychotomimetic effects and produces large increases in LSD 
scale scores, whereas nalorphine (10 mg/70 kg) produces only slight, but significant, 
increases in LSD scale scores, as does butorphanol (2 mg/70 kg). Pentazocine (40 mg/ 
70 kg) does not increase LSD scale scores within this dose range; rather, psychotomi
metic effects occur only at doses which are above the usual therapeutic range (BROG
DEN et aI., 1973). Nalbuphine does not produce dose-related changes in pupil diam
eter, but clearly produces the smallest increases in LSD scale scores; psychotomimetic 
effects have been encountered only rarely in therapeutic use (MILLER, 1980). Thus, 
these drugs differ both with respect to their effectiveness in producing psychotomi
metic effects and in the dose range over which such effects occur. 

MARTIN et al. (1976) have suggested that there are three types of specific receptors 
in nervous tissue which mediate the agonistic effects of opioids and opioid antago
nists. These receptors have been termed "mu," "kappa," and "sigma" on the basis of 
distinct patterns of physiologic effects. The mode of action of pentazocine- and nalor
phine-like compounds in producing psychotomimetic effects has been attributed to 
actions at the putative sigma receptor (MARTIN et aI., 1976). That these are agonistic 
and not antagonistic actions is supported by the findings that tolerance develops to 
these effects upon chronic administration and there is cross-tolerance between nalor
phine and cyclazocine (MARTIN et aI., 1965; JASINSKI et aI., 1970). Evidence is not cur
rently available on cross-tolerance between pentazocine and nalorphine or 
cyclazocine with respect to their psychotomimetic components of action. The ques
tion of whether naloxone is an antagonist at the sigma receptor is controversial. In 
a study ofthe interactions between cyclazocine and naloxone (JASINSKI et aI., 1968 a), 
cyclazocine alone produced significant elevations in mean scores on the PCAG and 
MBG scales but not on the LSD scale. Naloxone antagonized the effects of 
cyclazocine on the MBG and PCAG scales. Although the mean scores on the LSD 
scale were not elevated, JASINSKI et al. (1968 a) reported that naloxone antagonized 
the effects of cyclazocine for those subjects in which cyclazocine produced an elevated 
LSD scale score and also that naloxone was effective in terminating psychotomimetic 
episodes which occurred outside the structured experimental setting. 
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4. Barbiturate-Like Effects 

The barbiturate-like effects of opioid derivatives have been less widely recognized, 
perhaps because effects such as tiredness and drunkenness are not totally unexpected 
effects of drugs which depress central nervous system function. Yet, morphine, par
ticularly at higher doses, rarely is identified as a barbiturate or produces significant 
PCAG scores. Moreover, subjects were able to distinguish between morphine and 
pentobarbital in a double-blind crossover study (MARTIN et aI., 1974). As with psy
chotomimetic effects, opioid derivatives differ in their effectiveness in producing bar
biturate-like effects, as well as the dose ranges over which such effects occur. At 
equimiotic doses, cyclazocine and nalorphine are approximately equieffective in 
elevating PCAG scale scores. Pentazocine and butorphanol produce relatively small 
increases in PCAG scores in the therapeutic dose range, although significant PCAG 
scores are obtained at higher doses. Nalbuphine increases PCAG scores only at doses 
well above the therapeutic range. Buprenorphine also increases PCAG scores, but 
these effects are not greater than those observed with morphine in the same subjects. 
During chronic administration, cyclazocine and butorphanol are most frequently 
identified as barbiturates, whereas subjects typically have difficulty in identifying 
chronically administered nalorphine, pentazocine, and nalbuphine. 

The mode of action of opioid derivatives in producing sedative or barbiturate-like 
effects has been attributed to actions at the kappa receptor (MARTIN et aI., 1976). The 
prototypic kappa receptor agonist ketocyclazocine has not been evaluated in humans. 
Morphine has been postulated to be an agonist at both the mu and kappa receptors, 
whereas cyclazocine has been postulated to be an agonist at both the kappa and sigma 
receptors (MARTIN et aI., 1976). Naloxone has been postulated to be an antagonist at 
both the mu and kappa receptors, since naloxone clearly antagonizes the effects of 
morphine (JASINSKI et aI., 1967) as well as the increase in PCAG scale scores produced 
by cyclazocine (JASINSKI et aI., 1968a). 

5. Summary 

Acute doses of morphine and related opioids produce subjective effects which are 
readily discriminated by nondependent addict subjects. Operationally, morphine-like 
subjective effects are measured by the single-dose opiate questionnaire and the subjec
tive drug-effects questionnaire containing items from the MBG, PCAG, and LSD 
scales of the Addiction Research Center Inventory. Morphine-like drugs increase "lik
ing" scores as well as opiate signs and symptoms scores on the single-dose opiate ques
tionnaires, increase scores on the MBG scale, but not on the PCAG and LSD scales, 
and suppress abstinence in morphine-dependent subjects. Acute doses of pentazocine
like drugs increase "liking" scores and usually increase MBG scores. In contrast to 
morphine, pentazocine-like drugs increase PCAG and LSD scale scores and fail to 
suppress abstinence in morphine-dependent subjects. During withdrawal from mor
phine- or pentazocine-like drugs, subjects request drugs for relief. Nalorphine-like 
drugs may increase "liking" scores but do not increase MBG scores. These latter drugs 
do increase PCAG and LSD scale scores and precipitate abstinence in morphine-de
pendent subjects. In marked contrast to the observations with morphine- and pen
tazocine-like drugs, subjects do not request drugs for relief during withdrawal from 
nalorphine or cyclazocine, although subjects report abstinence symptoms. 
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C. Experimental Analysis of Behavioral Effects in Laboratory Animals 
Opioids and opioid antagonists exhibit a wide spectrum of behavioral actions in lab
oratory animals, ranging from marked changes in locomotor activity to subtle alter
ations in the frequency of occurrence and temporal patterns of learned behavior. Be
cause the effects of opioids and opioid antagonists can change dramatically with re
peated administration, there has been a continuing need for objective and quantitative 
techniques that provide reproducible patterns of behavior, which can be studied over 
long periods of time and are sensitive to the effects of pharmacologic interventions. 
Methods developed by B. F. Skinner and used successfully in the experimental anal
ysis of operant behavior meet such criteria. Over the last 30 years, these methods have 
been used increasingly in studies of the behavioral pharmacology of psychoactive 
drugs, including opioids and opioid antagonists. 

Operant behavior can be defined simply as behavior controlled by its conse
quences (SKINNER, 1937, 1938). When an environmental event occurs as a conse
quence of a specified response by an experimental subject, the frequency of occurrence 
of that response may increase, and this increased frequency may be maintained on 
subsequent occasions. For example, delivery of food to a food-deprived rat immedi
ately after it presses a lever may result in an increased frequency of lever pressing. In 
this case, the lever-pressing response is defined as an operant, the increased frequency 
of the response is defined as the process of operant conditioning or reinforcement, and 
the delivery of food is defined as a reinforcer. Events as diverse as the presentation 
of food or water, the electrical stimulation of the brain, the termination of a stimulus 
associated with electric shock, the delivery of electric shock, or the intravenous injec
tion of various drugs can function as reinforcers to maintain operant behavior. 

I. Opioids and Opioid Antagonists as Discriminative Stimuli 
As discussed in an earlier section, human volunteers sophisticated in the use of opioids 
and other drugs are able to reliably discriminate the subjective effects produced by 
morphine-like drugs from the subjective effects produced by pentazocine and nalor
phine as well as nonopioid psychoactive drugs when single doses are administered to 
them on a double-blind basis. Laboratory animals can be trained to discriminate be
tween a drug and its vehicle by requiring them to emit one operant response following 
the administration of that drug and another operant response following the adminis
tration of drug vehicle, presumably on the basis of drug-induced interoceptive stimuli. 
Stimuli which set the occasion for differential responding are termed "discriminative 
stimuli" (e.g., TERRACE, 1966). Reinforcement of responses in the presence of one 
stimulus increases the tendency to respond not only in the presence of that stimulus 
but also in the presence of similar stimuli. When this occurs, the behavior is said to 
generalize among stimuli. Stimulus generalization is defined functionally: behavior is 
said to generalize to all those stimuli in whose presence the probability of responding 
increases after the response has been reinforced in the presence of another stimulus. 
Thus, the probability of occurrence of a response may covary with different values of 
a stimulus presented along a continuum. The function thus generated, which relates 
responding to stimulus value, is termed a "stimulus generalization gradient." The dis
criminative stimulus properties of opioids and opioid antagonists have been studied 
extensively in several species of animals. 
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1. Opioid Agonists 

The discriminative stimulus effects of opioid agonists have been extensively investi
gated in animals trained to discriminate between vehicle and either morphine or 
fentanyl. The stimulus control of behavior by morphine and fentanyl meets four gen
erally accepted criteria for a specific opioid effect (RETRY et aI., 1971; DOMINO and 
WILSON, 1973). Firstly, morphine- or fentanyl-like stimulus control is dose related and 
produced by other opioid analgesics from diverse chemical families in several species, 
including rats (HIRSCHHORN and ROSECRANS, 1974; 1976; GIANUTSOS and LAL, 1975; 
COLPAERT et aI., 1975a, b; WINTER, 1975; SHANNON and HOLTZMAN, 1976a; 1977), 
gerbils (JARBE and ROLLENHAGEN, 1978), pigeons (JARBE, 1978; HERLING et aI., 1980), 
squirrel monkeys (SCHAEFER and HOLTZMAN, 1977), and rhesus monkeys (WOODS et 
aI., 1980). The relative potencies of these opioids for producing morphine- or fentanyl
like discriminative stimuli agree well with their relative potencies for producing anal
gesia (LAL et aI., 1977; COLPAERT, 1978). 

Secondly, stimulus control by morphine or fentanyl exhibits stereospecificity in 
that levorphanol but not its nonopioid enantiomer dextrorphan produces morphine
like stimulus control (WINTER, 1975; SHANNON and HOLTZMAN, 1976a; SCHAEFER and 
HOLTZMAN, 1977; HERLING et aI., 1980), and dextromoramide but not its nonopioid 
enantiomer laevormoramide produces fentanyl-like stimulus control (COLPAERT, 
1978). Structural analogs and metabolites of opioid analgesics that lack opioid activ
ity in other procedures, i.e., thebaine, normetazocine, and morphine-3-g1ucuronide, 
also fail to produce morphine-like stimulus control (SHANNON and HOLTZMAN, 1976 a; 
1977). 

Thirdly, the discriminative stimulus effects of morphine and fentanyl are blocked 
by the specific narcotic antagonists naloxone and naltrexone administered parenter
ally or orally (ROSECRANS et aI., 1973; HIRSCHHORN and ROSECRANS, 1974; WINTER, 
1975; SHANNON and HOLTZMAN, 1976a, b; COLPAERT et aI., 1976; GIANUTSOS and 
LAL, 1976; SCHAEFER and HOLTZMANN, 1977; JARBE and ROLLENHAGEN, 1978; JARBE, 
1978; OVERTON and BATTA, 1979; TEAL and HOLTZMAN, 1980a). The development of 
tolerance to the discriminative stimulus effects of opioids upon repeated administra
tion of an opioid, the fourth criterion, has not as yet been studied in sufficient detail 
to warrant general conclusions. Tolerance has been reported not to develop in rats to 
the discriminative stimulus effects of morphine (HIRSCHHORN and ROSECRANS, 1974) 
or fentanyl (COLPAERT et aI., 1976; 1978) when discrimination training was continued 
during chronic opioid administration. In contrast, shifts to the right in the dose-re
sponse curves for both morphine and methadone were observed following chronic 
morphine administration when rats were maintained in their home cages and discrimi
nation training was discontinued during chronic administration (SHANNON and 
HOLTZMAN, 1976a). 

The specificity of the stimulus control by morphine and fentanyl has been well 
documented. Nonopioid psychoactive drugs which do not produce morphine- or 
fentanyl-like stimulus control include pentobarbital, amphetamine, mescaline, LSD, 
chlorpromazine, haloperidol, clonidine, scopolamine, and physostigmine (HIRSCH
HORN and ROSECRANS, 1974; COLPAERT et aI., 1975a, b; GIANUTSOS and LAL, 1975; 
SHANNON and HOLTZMAN, 1976a; 1977; SCHAEFER and HOLTZMAN, 1977; HERLING et 
aI., 1980). Similarly, the centrally active antagonists atropine, cyproheptadine, and 
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methysergide neither produce morphine-like stimulus control nor antagonize the dis
criminative stimulus effects of morphine (HIRSCHHORN and ROSECRANS, 1974). 

2. Pentazocine 

In humans, the subjective effects produced by pentazocine are complex in that lower 
doses are predominantly morphine-like whereas higher doses are predominantly 
cyclazocine-like (see Sect. B.lV). The discriminative stimulus effects of pentazocine in 
laboratory animals are also complex as evidenced by the sometimes seemingly incon
sistent results in various studies. In rats trained to discriminate between vehicle and 
pentazocine, morphine has been reported both to produce (KUHN et aI., 1976) and not 
to produce (HIRSCHHORN, 1977; OVERTON and BATTA, 1979) pentazocine-like stimulus 
control; nalorphine and cyclazocine also failed to produce pentazocine-like stimulus 
control (HIRSCHHORN, 1977; OVERTON and BATTA, 1979). Similarly, in rats, pigeons, 
and squirrel and rhesus monkeys trained to discriminate between morphine and sa
line, pentazocine has been reported both to produce (SHANNON and HOLTZMAN, 
1976 a; 1979; COLPAERT et aI., 1976) and not to produce (HIRSCHHORN and ROSE
CRANS, 1976; HOLTZMAN et aI., 1977; OVERTON and BATTA, 1979; HERLING et aI., 1980; 
WOODS et aI., 1980) morphine-like stimulus control. Further, in rats trained to dicrimi
nate between saline and a relatively low training dose of cyclazocine (TEAL and 
HOLTZMAN, 1980b), pentazocine produced cyclazocine-like stimulus control; how
ever, pentazocine failed to produce cyclazocine-like stimulus control in rats and squir
rel monkeys trained to discriminate between saline and a relatively higher training 
dose of cyclazocine (HIRSCHHORN, 1977; SCHAEFER and HOLTZMAN, 1978; TEAL and 
HOLTZMAN, 1980 b). Regardless of whether or not pentazocine produced morphine
or cyclazocine-like stimulus control in these studies, the average percentage of mor
phine- or cyclazocine-appropriate responses emitted following the administration of 
pentazocine generally was quite high and usually increased in a dose-related fashion. 
These findings suggest that, concordant with the results in man, the discriminative 
stimulus effects of pentazocine have commonalities with both morphine and 
cyclazocine. 

3. Cyclazocine-Like Antagonists 

The pharmacologic characteristics of the discriminative stimulus effects of cyclazocine 
differ from those of morphine in a manner consistent with the difference in the profiles 
of subjective effects of these two drugs in humans. In monkeys trained to discriminate 
between cyclazocine and saline, the opioid antagonists with agonist activity levallor
phan, oxilorphan, and ketocyclazocine produced cyclazocine-like stimulus control 
whereas nalorphine, pentazocine, and morphine produced only intermediate percent
ages of cyclazocine-appropriate responding (SCHAEFER and HOLTZMAN, 1978). In rats, 
the pharmacologic characteristics of the discriminative stimulus effects of cyclazocine 
vary with the magnitude of the training dose of cyclazocine (HIRSCHHORN and ROSE
CRANS, 1977; ROSECRANS et aI., 1978; OVERTON and BATTA, 1979; TEAL and HOLTZ
MAN, 1980b) in a manner consistent with the observations that in man low doses of 
cyclazocine produce somewhat different subjective effects than higher doses. In the 
study by TEAL and HOLTZMAN (1980b), which compared a low and a high training 
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dose of cyclazocine directly, the opioid antagonists ketocyclazocine and SKF 10,047 
as well as the nonopioids phencyclidine and ketamine produced cyclazocine-like 
stimulus control at both training doses. The antagonists ethylketocyclazocine, pen
tazocine, and levallorphan produced cyclazocine-like stimulus control at the lower 
but not the higher training dose of cyclazocine. In addition, morphine and nalorphine 
produced intermediate percentages of responding in rats trained with the lower dose 
of cyclazocine but only saline-appropriate responding in rats trained with the higher 
dose of cyclazocine. Nonopioid psychoactive drugs such as mescaline, LSD, and am
phetamine did not produce cyclazocine-like stimulus control at either training dose 
of cyclazocine. 

In squirrel monkeys, naloxone effectively antagonized the discriminative stimulus 
effects of cyclazocine (SCHAEFER and HOLTZMAN, 1978), but the dose of naloxone was 
approximately 30-fold higher than the dose required to antagonize the effects ofmor
phine (SCHAEFER and HOLTZMAN, 1977). In the rat, naltrexone did not completely an
tagonize the effects of cyclazocine (TEAL and HOLTZMAN, 1980b). 

On the basis of these findings in cyclazocine-trained animals, as well as other con
siderations, TEAL and HOLTZMAN (1980b) postulated that cyclazocine has both an 
opioid and a nonopioid component of action. The opioid component is antagonized 
by naloxone or naltrexone and is thus apparently mediated through opioid receptors. 
The nonopioid component is not blocked by naloxone or naltrexone and is mimicked 
by phencyclidine but not LSD or mescaline. In this regard, dexoxadrol, a piperidinol 
dissociative anesthetic similar to phencyclidine, has been demonstrated to produce 
subjective effects similar to those of nalorphine in humans (JASINSKI et aI., 1968 b). 

II. Effects of Opioids and Opioid Antagonists 
on Schedule-Controlled Behavior 

Since the classification of opioids and opioid antagonists into subgroups on the basis 
of their effects as discriminative stimuli in laboratory animals has been generally con
sistent with classificatiQns obtained using subjective rating scales in humans, these 
techniques provide a meaningful way to analyze their effects on behavior. Another 
meaningful way to analyze the behavioral actions of opioids and opioid antagonists 
in laboratory animals is to study their effects on operant behavior maintained under 
various schedules of reinforcement. Schedules of reinforcement can be defined as 
those rules that govern the temporal and sequential relations between responses and 
reinforcers (FERSTER and SKINNER, 1957). Schedules often are classified on the basis 
of whether the reinforcer follows a specified number of responses (ratio schedules) or 
follows a response only after a specified interval of time has elapsed (interval 
schedules). The response requirement or interval time may remain constant (fixed
ratio or fixed-interval schedules) or may vary around a predetermined mean value 
(variable-ratio or variable-interval schedules). Although there are many possible 
schedules of reinforcement, these four types have been studied most extensively. Each 
type of schedule engenders its own characteristic rate and temporal pattern of re
sponding that can be reproduced across different species, different response topo
graphies, and different events as reinforcers (see reviews by FERSTER and SKINNER, 
1957; MORSE, 1966; MORSE and KELLEHER, 1970, 1977; NEVIN, 1973; ZEILER, 1977). 
These characteristic schedule-controlled performances can be maintained throughout 
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nearly the entire lifetime of an experimental subject and yet are extremely sensitive to 
treatment with psychotropic drugs. 

1. Effects of Morphine on Schedule-Controlled Behavior 
a) Behavior Maintained by Schedule Presentation of Food 

Over a wide range of conditions, acute administration of morphine decreases 
schedule-controlled behavior maintained by food presentation. In early studies by 
HILL et aI. (1957) and WEISSMAN (1959), for example, morphine produced dose-related 
decrements in the rate of responding by rats when each response produced a pellet of 
food. In subsequent studies, morphine also decreased responding when food was pre
sented more intermittently under fixed- or variable-ratio schedules in rats (Tsou, 
1963; THOMPSON et aI., 1970), pigeons (McMILLAN and MORSE, 1967; McMILLAN et 
aI., 1970; DYKSTRA et aI., 1974; DOWNS and WOODS, 1976; GOLDBERG et aI., 1976b), 
rhesus monkeys (HOLTZMAN and VILLARREAL, 1973; DOWNS and WOODS, 1976), 
squirrel monkeys (GOLDBERG et aI., 1976b), and baboons (BYRD, 1975). Although 
minor exceptions to the usual rate-decreasing effects of morphine under ratio 
schedules occasionally have been observed (for example, 1 mg/kg often slightly in
creased responding in the THOMPSON et aI. study), an important exception was report
ed by BYRD (1975). In his study, a tenfold range of doses (0.1-1 mg/kg) increased 
fixed-ratio responding by chimpanzees to as much as 160% of the control rate, but 
only decreased fixed-ratio responding by baboons. 

Under fixed-interval schedules, morphine can either increase or decrease rates of 
responding maintained by food presentation. In rhesus monkeys (DOWNS and WOODS, 
1976), squirrel monkeys (McKEARNEY, 1974; GOLDBERG et aI., 1976b), baboons 
(BYRD, 1975), and in several studies with pigeons (McMILLAN et aI., 1970; DYKSTRA 
et aI., 1974; DOWNS and WOODS, 1976; GOLDBERG et aI., 1976b), for example, mor
phine decreased fixed-interval responding in a dose-related manner. In rats (Tsou, 
1963; THOMPSON et aI., 1970), cats (DJAHANGUIRI et aI., 1966), and in one study with 
pigeons (McMILLAN and MORSE, 1967), on the other hand, low and intermediate 
doses of morphine increased responding, whereas higher doses decreased responding. 
The increases in responding produced by morphine in these studies were generally 
small compared to the large increases produced by psychomotor stimulants such as 
amphetamine or cocaine under similar schedules (GoLDBERG et aI., 1976 b; GONZALEZ 
and GOLDBERG, 1977; SPEALMAN et aI., 1979 a). However, much more striking in
creases in responding have been reported in chimpanzees (BYRD, 1975). In this species, 
a wide range of doses (0.3-5.6 mg/kg) increased fixed-interval responding to as much 
as 534% of the control rate; these same doses only decreased fixed-interval responding 
by baboons. Under variable-interval schedules of food presentation, morphine has 
been found to only decrease responding in both rats (HILL et aI., 1957; Tsou, 1963; 
THOMPSON et aI., 1970) and rhesus monkeys (HOLTZMAN and VILLARREAL, 1973). 

In summary, the predominant effect of morphine on schedule-controlled behavior 
maintained by food presentation is to produce dose-related decrements in rates of re
sponding. Although it has been tempting to attribute these decrements to morphine's 
anorectic actions (cf. WEISSMAN, 1959), this interpretation is not readily compatible 
with the increased rates of responding produced by morphine under suitable schedule 
conditions and in some species. 
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b) Behavior Maintained by Scheduled Delivery of Electric Shock 

Because a prominent action of morphine is the relief of clinical pain, there has been 
a continuing interest in examining its effects on behavior controlled by noxious stimuli 
such as electric shock. Several early studies used a signaled avoidance-escape schedule. 
Under this schedule, an exteroceptive stimulus (e.g., a tone or light) is presented for 
a specified period of time, during which a response (e.g., climbing a pole or pressing 
a lever) prevents delivery of an impending electric shock (avoidance); if an avoidance 
response is not made, electric shock then is delivered continuously until a response ter
minates the shock (escape). Although high doses of morphine have been found to de
crease both avoidance and escape responding by rats under these schedules, morphine 
characteristically decreases avoidance responding at doses lower than those required 
to decrease escape responding (VERHA VE et ai., 1959; CmTTAL and SHETH, 1963; COOK 
and CATANIA, 1964). Interestingly, morphine shares this action with many drugs used 
clinically as antipsychotic agents (COOK and CATANIA, 1964; COOK and DAVIDSON, 
1978), though morphine has no recognized antipsychotic efficacy. 

Other studies involving electric shock delivery have used a continuous avoidance 
schedule. Under this schedule, brief electric shocks are delivered at regular intervals 
in the absence of responding, and each response postpones delivery of electric shock 
for a specified period of time; no exteroceptive preshock stimulus is presented (SID
MAN, 1953). Morphine often has been found to decrease continuous avoidance re
sponding by rats in a dose-related manner (WEISSMAN, 1959; HEISE and BOFF, 1962; 
Tsou, 1963; HOLTZMAN and JEWETT, 1972), and these decreases typically occur at 
doses that decrease signaled avoidance responding. Under some conditions, however, 
morphine can increase responding under continuous avoidance schedules. In rats, for 
example, HOLTZMAN and JEWETT (1971, 1972) found that 1-4 mg/kg morphine pro
duced dose-related increases in responding when a high shock intensity was used, but 
only decreased responding when a lower shock intensity was used. 

The effects of morphine on responding in squirrel monkeys have been investigated 
under several different schedules of electric shock delivery. Under a continuous avoid
ance schedule, HOLTZMAN (1976) found that low and intermediate doses of morphine 
(0.3-1 mg/kg) increased responding, whereas higher doses decreased responding. 
McKEARNEY (1975) found that 0.3 mg/kg morphine increased responding by squirrel 
monkeys under a fixed-interval schedule in which responding terminated a visual 
stimulus associated with periodic electric shocks (stimulus-shock termination; MORSE 
and KELLEHER, 1966). MCKEARNEY (1974) also reported that this same dose ofmor
phine increased responding by squirrel monkeys under a fixed-interval schedule when 
responding was maintained by the presentation, rather than termination, of electric 
shock. These findings are important because they show that, in the same species, suit
able doses of morphine can alter schedule-controlled behavior in similar ways regard
less of whether responding results in a decreased frequency of shock delivery (as under 
the continuous avoidance and stimulus-shock termination schedules) or does not 
change the frequency of shock delivery (as under the shock presentation schedule). 
Such findings indicate that the effects of morphine on behavior controlled by post
ponement, termination, or presentation of electric shock are determined largely by 
factors other than analgesia. 
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c) Behavior Suppressed by Scheduled Delivery of Electric Shock 

Two types of procedures have been used to study the effects of morphine on behavior 
suppressed by electric shock delivery. In the first type (conditioned suppression; ESTES 
and SKINNER, 1941), responding typically is maintained under a schedule of food pre
sentation. An exteroceptive stimulus (e.g., a tone or light) which regularly precedes 
an unavoidable electric shock then is superimposed periodically on this baseline. The 
result is a characteristic decline in response rate during the preshock stimulus, even 
though responding has no specified effect on shock delivery. Early studies with rats 
indicated that morphine (e.g., 1-11 mg/kg) could increase responding that had been 
suppressed during the preshock stimulus (HILL et aI., 1954, 1957; Y AMAHIRO et aI., 
1961). Later studies with both rats (LAUENER, 1963) and rhesus monkeys (HOLTZMAN 
and VILLARREAL, 1969), however, found that morphine did not increase suppressed 
responding at any dose tested. The factors responsible for these different effects of 
morphine are presently unclear, but may involve differences in the adventitious tem
poral relations that can exist between responding and shock delivery under condition
ed suppression procedures (KELLEHER and MORSE, 1968). 

In contrast to conditioned suppression procedures, punishment procedures ex
plicitly specify the extant temporal relations between responding and shock delivery 
(AZRIN, 1956, 1960; AZRIN and HOLZ, 1966). In these procedures, responding typi
cally is maintained under a schedule of food presentation. Delivery of electric shock 
then is scheduled as an additional consequence of responding; no preshock stimulus 
is presented. The result is an overall suppression of responding. In several species and 
under various schedule conditions, drugs used clinically as antianxiety agents, such 
as barbiturates, benzodiazepines, and meprobamate, characteristically produce 
marked increases in punished responding (McMILLAN, 1975; MORSE et aI., 1977; 
HOUSER, 1978). In contrast, morphine generally does not increase punished respond
ing at any dose tested in rats (GELLER et aI., 1963), pigeons (KELLEHER and MORSE, 
1964; McMILLAN, 1973 b, but see McMILLAN, 1973 a), or rhesus monkeys (HOLTZ
MAN and VILLARREAL, 1973) and often further decreases punished responding. 

The failure of morphine to consistently increase suppressed responding under ei
ther the conditioned suppression or punishment procedures is not incompatible with 
its known analgesic actions. Morphine often decreases schedule-controlled respond
ing maintained by food presentation (Sect. C.n.l.a), and these decreases can occur at 
doses lower than those required to produce analgesia. Moreover, several studies (e.g., 
AZRIN, 1960; KELLEHER and MORSE, 1964; COOK and DAVIDSON, 1973) have shown 
that removal of electric shock typically does not result in an immediate increase in pre
viously suppressed responding. Thus, even if morphine completely eliminated respon
siveness to electric shock, it would not, through this action, be expected to abruptly 
increase suppressed responding. 

d) Behavior Maintained by Titration of Electric Shock Intensity 

The role of the analgesic actions of morphine in altering schedule-controlled behavior 
has been studied explicitly under schedules in which experimental subjects regulate the 
intensity of a continuously presented electric shock (titration schedules). Under one 
type of titration schedule (escape titration), responding reduces the intensity of an 
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electric shock which otherwise increases at a specified rate (WEISS and LATIES, 1959, 
1961). Several studies with rhesus and squirrel monkeys have shown that morphine 
and related drugs can increase the intensity at which electric shock is maintained 
(WEISS and LATIES, 1964; MALIS, 1973; MALIS and GLUCKMAN, 1974; MALIS et al., 
1975; DYKSTRA and McMILLAN, 1977; SMITH and McKEARNEY, 1977). In these stud
ies, doses of morphine that markedly increased shock intensity also decreased rates 
of responding. Thus, increases in the intensity of electric shock may have been the re
sult of morphine's direct rate-decreasing effects on escape responding (Sect. C.II.l.b) 
rather than its effects on responsiveness to painful stimulation. Recently, DYKSTRA 
(1979) used a modified escape titration schedule which minimizes the role of altered 
response rates in determining shock intensity. Under this schedule, the intensity of 
electric shock increases at a specified rate, and a response terminates the shock for a 
fixed period of time; at the end of this period, shock resumes at a lower intensity (cf. 
MARKOWITZ et al., 1976). DYKSTRA found that suitable doses of morphine as well as 
pentazocine and cyclazocine increased the intensity at which shock was maintained, 
but had little or no effect on the rate of responding in the presence of shock. These 
findings suggest that morphine-induced changes in the maintained intensity of electric 
shock are not exclusively due to changes in the rate of responding. 

Another type of titration schedule (punishment titration) has been used to study 
the effects of morphine on behavior controlled by electric shock. In this case, respond
ing is maintained under a schedule of food presentation; additionally, responding in
creases the intensity of an electric shock which otherwise decreases at a specified rate 
(RACHLIN and LOVELAND, 1971; RACHLIN, 1972). SMITH and McKEARNEY (1977) 
found that morphine, as well as methadone, nalorphine, and naloxone, only decreased 
the rate of responding by squirrel monkeys under this schedule and, hence, only de
creased the intensity at which shock was maintained. While these findings might be 
interpreted as showing a "hyperalgesic" action of morphine, it is much more likely 
that they reflect the direct rate-decreasing effects of morphine on punished behavior 
(Sect. C.II.l.c). 

The results of studies using both punishment and escape titration schedules clearly 
indicate that morphine can have pronounced effects on the regulation of electric shock 
that do not depend simply on its actions as an analgesic. Although altered responsive
ness to noxious stimulation may contribute to the behavioral effects of morphine 
under some titration schedules (e.g., DYKSTRA, 1979), it may not under others (e.g., 
SMITH and McKEARNEY, 1977). In general, titration schedules do not appear to 
routinely screen for the analgesic effects of morphine. 

2. Tolerance to the Behavioral Effects of Morphine 

Tolerance to the effects of morphine can develop rapidly in standardized tests of anal
gesia in laboratory animals. KAYAN et al. (1973), for example, found that acute admin
istration of 5 or 10 mg/kg morphine increased reaction time of rats placed on a heated 
surface, but that complete tolerance to this effect developed after only two to six treat
ments. A similarly rapid development of tolerance has been reported for the effects 
of morphine on schedule-controlled behavior maintained by food presentation. In 
rats (BABBINI et al., 1972, 1976), cats (DJAHANGUIRI et al., 1966), and pigeons 
(McMILLAN and MORSE, 1967; HEIFETZ and McMILLAN, 1971; SMITH, 1979), toler-
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ance to the rate-decreasing effects of morphine under fixed-ratio and fixed-interval 
schedules can occur within 4 to 10 days when morphine is administered once or twice 
daily. Moreover, after several months of chronic administration, the morphine dose
effect curves can be shifted six to tenfold to the right in pigeons and rhesus monkeys 
responding under these schedules (WOODS and CARNEY, 1978). 

Differences in rate of development and magnitude of tolerance have been reported 
with different species and different schedules of reinforcement. In rats, for example, 
tolerance appears to develop more slowly under fixed-ratio schedules (BABBINI et aI., 
1972) or under schedules that differentially reinforce low rates of responding (ADAM
CARRIERE et aI., 1978) than under fixed-interval schedules (BABBINI et aI., 1976). Even 
under fixed-interval schedules, clear development of tolerance is not always observed 
in rats (RHODUS et aI., 1974). In rhesus monkeys, marked tolerance to the rate-decreas
ing effects of morphine has been reported under variable-interval schedules of food 
presentation, but it requires from 1 to 8 weeks to develop (HOLTZMAN and VILLAR
REAL, 1973). 

Following long-term exposure to morphine, abruptly discontinuing morphine 
treatment or administering a morphine antagonist such as naloxone or nalorphine can 
produce marked disruptions in schedule-controlled behavior that parallel other signs 
ofthe morphine abstinence syndrome. In rats, responding maintained by food presen
tation may be either decreased (BABBINI et aI., 1972; GELLERT and SPARBER, 1977) or 
increased (BABBINI et aI., 1976; FORD and BALSTER, 1976), depending on the schedule 
of reinforcement and the duration of morphine abstinence. In rhesus monkeys, either 
discontinuing morphine treatment or administering naloxone or nalorphine markedly 
decreases rates of schedule-controlled responding maintained by food presentation or 
avoidance of electric shock (THOMPSON and SCHUSTER, 1964; GOLDBERG and SCHUS
TER, 1967, 1970; HOLTZMAN and VILLARREAL, 1973). In contrast to the effects ob
served in rats and monkeys, discontinuing morphine treatment produces little or no 
disruption of schedule-controlled behavior in pigeons (HEIFETZ and McMILLAN, 
1971; Woods and CARNEY, 1978). 

3. Self-Administration of Morphine 

Early studies of morphine self-administration by laboratory animals used subjects 
that were made physically dependent by repeated injections of the drug prior to testing 
(SPRAGG, 1940; HEADLEE et aI., 1955; NICHOLS et aI., 1956; BEACH, 1957; WEEKS, 1962; 
THOMPSON and SCHUSTER, 1964; WEEKS and COLLINS, 1964). This emphasis on physi
cal dependence strengthened the belief that morphine was self-administered chiefly 
because it terminated or postponed the characteristic abstinence syndrome induced by 
morphine withdrawal. Although physical dependence may profoundly affect mor
phine self-administration, it is not necessary for either the acquisition or maintenance 
of that behavior. In rhesus monkeys with no drug or experimental history, DENEAU 
et al. (1969) found that responding could be initiated and subsequently maintained 
when each response produced an intravenous injection of morphine. Although the 
monkeys in the DENEAU et al. study eventually self-administered sufficient doses of 
morphine to develop a high level of physical dependence, other studies have shown 
that morphine self-administration can be maintained in the absence of physical depen
dence (SCHUSTER, 1968; WOODS and SCHUSTER, 1968, 1971; HOFFMEISTER and 
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SCHLICHTING, 1972; HOFFMEISTER and GOLDBERG, 1973). In these latter studies, per
sistent responding by rhesus monkeys was maintained under either interval or ratio 
schedules of intravenous morphine injection even though the doses were so low that 
demonstrable physical dependence did not develop. 

Although schedule-controlled responding can be reliably maintained by intrave
nous injections of morphine, rates of responding often have been low compared to 
those maintained by other consequent events such as food presentation or electric 
shock delivery. These low rates of responding most likely reflect the cumulative effects 
of repeated injections of morphine in decreasing schedule-controlled behavior (previ
ous sections). Yet, such low rates are not inevitable. Several recent studies have shown 
that intravenous or intramuscular injections of morphine can maintain high rates of 
responding under schedules in which injections occur infrequently (GOLDBERG, 1975; 
GOLDBERG et aI., 1976a, 1979; GOLDBERG and TANG, 1977 a, b; SANCHEz-RAMOS and 
SCHUSTER, 1977). In the GOLDBERG (1975) and GOLDBERG and TANG (1977 a, b) stud
ies, for example, rhesus monkeys and squirrel monkeys responded under a second-or
der schedule in which every 30th response during a 60-min interval produced a brief 
light; the first 30-response unit completed after 60 min elapsed produced several con
secutive pairings of the light and intravenous injection of morphine and ended the 
session. Under this schedule, several thousand responses occurred during each 60-min 
interval and overall rates of responding usually exceeded one response per second. 

Brief visual stimuli that are occasionally paired with morphine injections have 
been found to be important in maintaining high rates of responding under second-or
der schedules. Either omitting the brief stimuli (GOLDBERG and TANG, 1977 a; GOLD
BERG et aI., 1979) or replacing them with brief stimuli that were never paired directly 
with morphine injections (GOLDBERG et aI., 1979) resulted in markedly reduced rates 
of responding; reinstating the paired brief stimuli restored responding at high rates. 
These findings suggest that second-order schedules can be particularly useful in as
sessing the role of environmental stimuli associated with morphine injections in main
taining persistent self-administration behavior. 

4. Opioid Antagonists 
a) Antagonism of the Effects of Morphine on Schedule-Controlled Behavior 

Antagonism of the behavioral effects of morphine has been studied most extensively 
under fixed-ratio and fixed-interval schedules of food presentation. As described pre
viously, high doses of morphine can markedly decrease responding under these 
schedules in most species oflaboratory animals. In pigeons, the rate-decreasing effects 
of morphine can be blocked by several opioid antagonists, including naloxone, nal
trexone, nalorphine, cyclazocine, and diprenorphine (McMILLAN et aI., 1970; 
McMILLAN and HARRIS, 1972; DYKSTRA et aI., 1974; DOWNS and WOODS, 1976; 
GOLDBERG et aI., 1976b). The relative potencies for these drugs as opioid antagonists 
have been found to differ somewhat depending on the schedule and dose of morphine 
in question, but are in general: naltrexone ~ diprenorphine > D-cyclazocine > D,L
cyclazocine> naloxone> D-cyclazocine > nalorphine. Similar results also have been 
reported for naloxone and nalorphine in rhesus and squirrel monkeys responding 
under fixed-interval and fixed-ratio schedules of food presentation (DOWNS and 
WOODS, 1976; GOLDBERG et aI., 1976b). In contrast, pentazocine appears to produce 
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little or no antagonism of the behavioral effects of morphine in either pigeons 
(McMILLAN et aI., 1970; McMILLAN and HARRIS, 1972) or rhesus monkeys (DOWNS 
and WOODS, 1976). 

Antagonism of the behavioral effects of morphine is not restricted to responding 
under schedules of food presentation. Naloxone, naltrexone, and nalorphine have 
been found to block the rate-decreasing effects of morphine in squirrel monkeys re
sponding under a continuous avoidance schedule (HOLTZMAN, 1976) or under a ftxed
interval schedule of electric shock presentation (BYRD, 1976). Naloxone and naltrex
one also can block the effects of morphine in rats responding under various schedules 
in which morphine serves as a discriminative stimulus (ROSECRANS et aI., 1973; WIN
TER, 1975; SHANNON and HOLTZMAN, 1976b). Again, the approximate relative order 
of potencies in antagonizing these various behavioral effects of morphine has been 
found to be: naltrexone > naloxone> nalorphine. With the possible exception of pen
tazocine, the potency relations observed for antagonizing the effects of morphine on 
schedule-controlled behavior are similar to those observed for antagonizing various 
physiologic effects of morphine in rodents (BLUMBERG and DAYTON, 1973, 1974) and 
for antagonizing the inhibitory effects of morphine on electrically induced con
tractions of the guinea pig ileum (KOSTERLITZ et aI., 1973). 

b) Direct Effects of Opioid Antagonists on Schedule-Controlled Behavior 

Opioid antagonists usually have been found to produce few direct effects on schedule
controlled behavior at low doses that can effectively block the behavioral effects of 
morphine. Nonetheless, high doses of many opioid antagonists can markedly alter 
schedule-controlled behavior when given to drug-free animals. In a series of studies 
with pigeons, McMILLAN and his co-workers (McMILLAN and MORSE, 1967; McMIL
LAN et aI., 1970; McMILLAN and HARRIS, 1972; DYKSTRA et aI., 1974) compared the 
effects of morphine, methadone, and several opioid antagonists on responding under 
ftxed-ratio and ftxed-interval schedules offood presentation. In these studies, low and 
intermediate doses of morphine, methadone, naloxone, or its 6-hydroxy analog (EN-
2265), naltrexone, nalorphine, cyclazocine, and pentazocine had little or no effect on 
ftxed-ratio responding and sometimes slightly increased ftxed-interval responding. 
Higher doses of each drug, on the other hand, decreased both ftxed-ratio and ftxed 
interval responding in a dose-related manner. The approximate order of potency in 
producing these direct rate-decreasing effects was: L-cyc1azocine > D,L-cyc1azocine > 
methadone > morphine > D-cyc1azocine > L-pentazocine > D,L-pentazocine > D
pentazocine > naloxone > na1trexone ~ EN 2265 > nalorphine. Similar effects 
have been reported for naloxone, nalorphine, and pentazocine in rhesus and squirrel 
monkeys responding under ftxed-ratio and ftxed-interval schedules of food presenta
tion (DOWNS and WOODS, 1976; GOLDBERG et aI., 1976b). In monkeys, however, 
nalorphine was at least ten times more potent than naloxone in decreasing responding 
(GOLDBERG et aI., 1976 b). With the exception of nalorphine, which is relatively inac
tive in pigeons, the potency relations observed for the behavioral effects of opioid an
tagonists compare favorably with those observed for their physiologic effects in ro
dents (BLUMBERG and DAYTON, 1973), their inhibitory effects in the guinea pig ileum 
preparation (KOSTERLITZ et aI., 1973), and their subjective and analgesic effects in 
man (Sect. Bill-VI). 
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Although most opioid antagonists have qualitatively similar effects on schedule
controlled behavior maintained by food presentation, differences in the behavioral ef
fects of opioid antagonists have been observed under schedules involving electric 
shock delivery. In an extensive study with squirrel monkeys, HOLTZMAN (1976) com
pared the effect of morphine and several opioid antagonists on responding under a 
continuous avoidance schedule. Morphine, nalorphine, and cyclazocine had qualita
tively similar effects on avoidance responding; low and intermediate doses of each 
drug increased responding, whereas higher doses decreased responding and occasion
ally produced salivation or vomiting. In contrast, naloxone and naltrexone did not al
ter the rate of responding at any dose tested, even though the highest doses often pro
duced tremors and vomiting. 

c) Self-Administration of Opioid Antagonists 

Perhaps the most striking differences in the behavioral effects of opioid antagonists 
have been observed in studies of self-administration. In a series of experiments by 
HOFFMEISTER and his co-workers (GOLDBERG et aI., 1972; HOFFMEISTER and SCHLICH
TING, 1972; HOFFMEISTER and WUTTKE, 1974), rhesus monkeys responded under a 
fixed-ratio schedule in which every tenth response resulted in an intravenous injection 
of 50 ~g/kg codeine. Experimental sessions were limited to 3 h per day to prevent the 
development of physical dependence. Injections of codeine then were replaced by in
jections of either saline, morphine (0.1-500 ~g/kg), heroin (0.1-50 ~g/kg), codeine 
(0.1-500 ~g/kg), pentazocine (1-500 ~g/kg), nalorphine (1-10 ~g/kg), or cyclazocine 
(5-500 ~g/kg). With this substitution procedure, suitable doses of morphine, heroin, 
codeine, and pentazocine maintained responding well above the level maintained by 
saline. Furthermore, each drug maintained similar maximum rates of responding, 
though pentazocine was less potent than the three other opioids. In contrast, nalor
phine and cyclazocine failed to maintain responding at any dose tested, and higher 
doses often suppressed responding below the level maintained by saline. 

Differences in the behavioral effects of opioid antagonists also have been observed 
under a signaled avoidance-escape schedule in which responding terminated a visual 
stimulus associated with intravenous drug injection. In two studies (HOFFMEISTER and 
WUTTKE, 1973, 1974), rhesus monkeys initially were trained to terminate a stimulus 
associated with electric shock. Electric shocks then were replaced by injections of ei
ther saline, nalorphine (1-500 ~g/kg), cyclazocine (0.1-10 ~g/kg) or naloxone (5-
1 00 ~g/kg). Suitable doses of nalorphine and cyclazocine maintained responding 
above the level maintained by saline. Naloxone, on the other hand, failed to maintain 
responding at any dose tested, as did 50-~g/kg injections of morphine and pen
tazocine. 

Although naloxone and pentazocine did not maintain responding under the sig
naled avoidance-escape schedule in nondependent subjects, these drugs, as well as 
nalorphine, have been found to maintain persistent responding under similar 
schedules in monkeys that were physically dependent on morphine (GOLDBERG et aI., 
1971,1972; DOWNS and WOODS, 1975 a, b; TANG and MORSE, 1976). In the GOLDBERG 
et aI. (1972) and HOFFMEISTER and WUTTKE (1974) studies, for example, rhesus mon
keys were made dependent on morphine by administering periodic infusions totaling 
about 18 mg/kg morphine per day. In these subjects, naloxone (1-10 ~g/kg per injec-
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tion), nalorphine (5-10 J.l.g/kg per injection), and pentazocine (50-1,000 J.l.g/kg per in
jection) reliably maintained responding under the signaled avoidance-escape 
schedule. The different findings observed in morphine-dependent and nondependent 
monkeys demonstrate that the behavioral effects of morphine antagonists can depend 
critically on the extant physiologic state of the subject. 

In addition to the presence or absence of physical dependence, the schedule under 
which opioid antagonists are administered can be important in determining their be
havioral effects. In the GOLDBERG et aI. (1971) study described previously, responding 
by morphine-dependent monkeys was maintained by termination of a stimulus associ
ated with injections of nalorphine. Nonetheless, when conditions were arranged so 
that each response produced an injection of nalorphine, responding was reliably main
tained even though injections resulted in signs of severe abstinence. Similar effects also 
have been reported for naloxone (DOWNS and WOODS, 1975b). In that study, mor
phine-dependent rhesus monkeys responded under a schedule in which every 30th re
sponse terminated a stimulus associated with the injection of naloxone (0.2-20 J.l.g/kg 
per injection). The schedule was then changed so that every 30th response produced 
a brief visual stimulus, and the completion of 10 or 15 30-response units produced 
both the brief stimulus and a 2 J.l.g/kg injection of naloxone. Under this second-order 
schedule, high rates of responding were maintained by injections of naloxone for as 
many as 15 days. Although responding eventually declined, these results suggest that 
under suitable conditions naloxone can maintain responding that leads to its injection. 
These findings emphasize the importance of factors other than the intrinsic pharma
cologic properties of opioid antagonists in determining their effects on behavior. 

d) Supersensitivity to the Behavioral Effects of Opioid Antagonists 

Although higher doses of morphine antagonists are usually required to produce no
ticeable changes in schedule-controlled behavior of morphine-free animals, very low 
doses can markedly alter responding in animals that have been made physically de
pendent on morphine (GOLDBERG and SCHUSTER, 1967, 1970; WOODS et aI., 1973; VIL
LARREAL and KARBOWSKI, 1974; GELLERT and SPARBER, 1977). In morphine-depen
dent rhesus monkeys, for example, WOODS et al. (1973) and VILLARREAL and KAR
BOWSKI (1974) found that doses of naloxone as low as 0.1 mg/kg produced behavioral 
changes similar to those produced by abrupt withdrawal of morphine. Other studies 
have shown that low doses of naloxone also can have marked behavioral effects in 
animals that have received only brief exposures to morphine (JACOB et aI., 1974; 
MEYER and SPARBER, 1977; SPARBER et aI., 1978; KELLEHER and GOLDBERG, 1979). In 
rats responding under a fixed-ratio schedule of food presentation, for example, SPAR
BER et aI. (1978) found that a previously ineffective dose of naloxone (2.5 mg/kg) 
markedly decreased responding when given 3 h after the animals had received an in
jection of morphine (15 or 30 mg/kg) which itself had little effect on responding. While 
these findings demonstrate that low doses of naloxone can have clear behavioral ef
fects in animals that have received only a single injection of morphine, it is not yet 
clear whether such findings are best interpreted in terms of naloxone producing a mor
phine-abstinence syndrome by revealing a rapidly developing state of dependence or 
in terms of morphine enhancing the behavioral effects of naloxone. At an empirical 
level, the results are most simply described as a shift to the left of the naloxone dose
effect curve after pretreatment with morphine. 
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Similar shifts in dose-effect curves also have been reported for naloxone and nalor
phine in animals that have previously received morphine but remained morphine free 
for several days to several months prior to testing (GOLDBERG and SCHUSTER, 1969; 
KELLEHER and GOLDBERG, 1979). In the GOLDBERG and SCHUSTER (1969) study, for 
example, morphine-dependent rhesus monkeys were withdrawn from morphine for 3 
months and then trained to respond under a fixed-ratio schedule offood presentation. 
With these previously dependent monkeys, the nalorphine dose-effect curves were dis
placed to the left of the curves obtained with other monkeys that had never received 
morphine, indicating that chronic administration of morphine can produce long-term 
supersensitivity to the behavioral effects of nalorphine. 

Supersensitivity to the behavioral effects of morphine antagonists also can be pro
duced by chronic administration of naloxone or naltrexone (KELLEHER and GOLD
BERG, 1979; SPEALMAN et aI., 1979b, 1981; Goldberg et aI., 1981). In these studies, 
rhesus monkeys, squirrel monkeys, and rats responded under a fixed-ratio schedule 
of food presentation, and dose-effect curves were determined for naloxone (rhesus 
monkeys) or naltrexone (squirrel monkeys and rats) both before and after a 3-week 
period during which the drugs were administered daily. In most cases, chronic admin
istration of naloxone (10 mg/kg per day in rhesus or squirrel monkeys) or naltrexone 
(3-17 mg/kg per day in squirrel monkeys; 30-100 mg/kg per day in rats) shifted the 
dose-effect curves by about 1 log unit or more to the left. In squirrel monkeys, super
sensitivity to the effects of naltrexone on food-maintained behavior persisted for as 
long as 6 months after chronic administration had ended (KELLEHER and GOLDBERG, 
1979; GOLDBERG et aI., 1981). Other studies have shown that chronic administration 
of naloxone or nalorphine can produce supersensitivity to the analgesic effects of mor
phine in rats (ORAHOVATS et aI., 1953; TANG and COLLINS, 1978) and to the inhibitory 
effect of opioids in the guinea pig ileum preparation (SCHULZ et aI., 1979), concomi
tant with an increase in opiate receptor binding (LAHTI and COLLINS, 1978; SCHULZ 
et aI., 1979). Taken together, these findings suggest that supersensitivity to the effects 
of opioid antagonists on food-maintained behavior may develop as a result of chronic 
receptor blockade. 

s. Discussion 

Early studies of the behavioral pharmacology of morphine emphasized that the anal
gesic and dependence-inducing actions of the drug were pertinent to evaluating its ef
fects on behavior. As techniques improved and data accumulated, it became clear that 
other factors were equally important. It is now known that the temporal and sequen
tial relations between behavior and its consequences (i.e., the schedule) can be funda
mental in determining whether opioids and opioid antagonists increase or decrease 
rates of responding. Similarly, the schedule under which these drugs are administered 
can be critical in determining whether they maintain responding that leads to their in
jection or maintain responding that terminates their injection. Such findings represent 
an important initial step in understanding how environmental conditions alter the be
havioral effects of opioids and opioid antagonists. Since opioid antagonists can block 
opiate receptors, which mediate the actions of endorphins, the behavioral effects of 
these drugs might reveal functional characteristics of the endorphin system. Although 
opioid antagonists typically have few effects on schedule-controlled behavior at low 
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doses that block opiate receptors, higher doses can markedly alter responding. More
over, under suitable conditions, the behavioral effects of these drugs can become more 
pronounced or can occur at relatively low doses in animals that have previously re
ceived morphine or opioid antagonists. Clearly, further research is required to eluci
date the role of drug-environment interactions in modulating the functions of the en
dorphin system. 

D. Summary and Conclusions 

Drug-induced changes in reports of subjective effects are central elements in predict
ing the therapeutic usefulness as well as the abuse liability of psychotropic drugs. 
Quantitative methods using standardized questionnaires for assessing reports of sub
jective effects have been developed and validated; they provide reproducible results 
across studies and across different routes of drug administration. The pattern of dose
related changes in scores on these questionnaires reliably distinguishes among the pat
terns of signs, symptoms, and subjective effects produced in human volunteers by dif
ferent subgroups of opioid agonists, partial agonists, and antagonists. 

Laboratory animals can be trained to discriminate between administration of a 
drug and its vehicle using methods developed for the study of operant behavior. Rein
forcement of responses in the presence of the effects of one drug increases the tendency 
of the animal to respond not only in the presence of that drug but also in the presence 
of similar drugs. The classification of opioid agonists, partial agonists, and antago
nists into subgroups on the basis of their effects as discriminative stimuli in laboratory 
animals has been generally consistent with classifications obtained using question
naires for assessing subjective effects in humans. 

Another approach to the analysis of the psychotropic effects of opioids and opioid 
antagonists is to study their effects on operant behavior maintained under various 
schedules of reinforcement. Studies of this type have emphasized the importance of 
the temporal and sequential relations between behavior and its consequences in deter
mining the behavioral effects of opioids and opioid antagonists. They provide a 
meaningful way to evaluate how environmental conditions can modify the psychotro
pic effects of opioids and opioid antagonists. 
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CHAPTER 14 

Hypnotics 

W.R. MARTIN 

A. Hypnotics and Sleep Disorders 
The general concept of hypnotic drugs is a vague one. Hypnotics alter the function 
of many parts of the brain which results not only in the more rapid onset and persis
tence of sleep, but changes in levels of consciousness, arousability, and mood, as well 
as in cognitive and motor function. Furthermore, most hypnotics have been subject 
to abuse, induce tolerance, and produce or satisfy dependencies. In general, hypnotics 
are used to treat patients who complain of sleep disorders which are commonly associ
ated with discomforting anxieties or emotional and psychic trauma. Thus, the treat
ment of sleep disorders cannot be dissociated from the treatment of anxiety and affec
tive disorders. Approximately one-fifth to one-third of the general population has 
sleep disorders (BIXLER et aI., 1976). At one time or another, 85% of patients com
plaining of sleep disorders have psychopathology as indicated by abnormal Min
nesota Multiphasic Personality Inventory (MMPI) profiles (KALES and KALES, 1974). 

The characterization of sleep disorders has been recently reviewed by SOLDATOS 
et ai. (1979). The most common sleep disorder is staying asleep followed in frequency 
by difficulties in falling asleep and early wakening (KALES et aI., 1974). This charac
terization of sleep disorders should provide guidance in the use of hypnotics, particu
larly as it relates to their duration of action. Insomnia is associated with a variety of 
other pathologies including depression, anxieties, suffering, fear, pain and discomfort 
associated with other illnesses, sociopathy, obsessive-compulsive characteristics, and 
schizophrenia. Sleep problems become more prevalent in the elderly, who are espe
cially subject to loss of self-image, depression, and feelings of anxiety. 

A variety of drugs can cause insomnia, including caffeine in coffee, tea and colas, 
as well as amphetamine-type bronchodilators and anorexigenics (amphetamine, 
methamphetamine, ephedrine, phenmetrazine, methylphenidate). Despite enormous 
increases in knowledge about the neurophysiology and neurochemistry of sleep, the 
treatment of insomnia remains empiric as does therapeutic research. Although, some 
causes of sleep disorders can be dealt with definitively, such as excessive ingestion of 
caffeine and amphetamines by limiting ingestion, the treatment of depression with 
antidepressants or the treatment of schizophrenia with tranquilizers, most patients 

This effort was partially supported by a grant from the National Institute of Drug Abuse DA 
02195-01. 
List of Abbreviations 
ACh Acetylcholine, DA Dopamine, DLH dl Homocysteic acid, EPSP Excitatory postsynaptic 
potential, GABA y Aminobutyric acid, IPSP Inhibitory postsynaptic potential, MDR Maxi
mum depression rating, NE Norepinephrine 
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must be treated with a variety of hypnotics that have been introduced into clinical 
medicine. Although knowledge about sleep is developing at a rapid rate, its physiolog
ic significance is not well understood and is a complex phenomenon. 

Electroencephalographic and physiologic studies have revealed that sleep has sev
eral stages. Stage 1 is characterized by loss of alpha activity; stage 2 by spindles and 
K-complexes; stage 3 by spindles and delta rhythms; stage 4 by 50% delta rhythms 
in the absence of spindles; and rapid eye movement sleep (REMS). The effects of hyp
notics on these stages of sleep can be measured in a variety of ways (see KAY et aI., 
1976), including time spent in waking state, delta sleep, and REM sleep as well as time 
of total sleep and sleep latency. The physiologic and pathologic significance of these 
measurements as well as the therapeutic implications of altering these measures is not 
known. This is in part a consequence of the lack of understanding of the physiologic 
significance of sleep. There are several excellent collections of articles dealing with 
various facets of sleep (WEITZMAN, 1974; KETY et aI., 1967; LEVIN and KOELLA, 1975; 
WILLIAMS and KARACAN, 1976). It is known that severe sleep deprivation can alter af
fect and produce emotional lability, deterioration of intellectual processes, and possi
bly psychotic states. Selective deprivation of REMS also causes irritability, anxiety, 
difficulties in concentrating, and REMS rebound (DEMENT, 1960). One of the theories 
of sleep is that it is a resting state which allows the recuperation of neurons. Several 
lines of evidence indicate that this is at best an oversimplification. Not only is sleep 
a complex phenomena, but active processes are also involved. Further, there is little 
difference in oxygen consumption between the wakening and sleeping brain (MAN
GOLD et aI., 1955). 

Many advances have been made in the neurophysiology and neurochemistry of 
sleep. Detailed accounts and summaries of some of these important areas of research 
can be found in the previously mentioned volumes. JOUVET (1966) has proposed that 
a serotoninergic process involving raphe nuclei mediates slow wave sleep while cate
cholaminergic processes of the locus ceruleus mediate the atonia of paradoxical sleep 
(REMS). Other transmitters or processes may also be involved in REMS (RAMM, 
1979). Rapid eye movements and pontogeniculate occipital (PGO) spikes may be 
modulated by both catecholaminergic and serotoninergic influences. Consciousness 
is also viewed as an active process, and the concept ofMAGOUN and MORRUZZI (1949) 
(see D. III) of a rostrally projecting midbrain activating system which in turn is acted 
upon by both collateral ascending sensory pathways and corticofugal activity is still 
heuristic. 

Currently the sleep-wakeful cycle is regarded as an instinctual adaptive mechanism 
and as a need in its own right and that both sleep and wakefulness are active processes. 
The alternation from one state to another results also in reciprocal sparing of their 
brain substrates. A variety of neurohumoral processes may be involved in waking (do
paminergic, noradrenergic, cholinergic) and in sleep (serotoninergic, noradrenergic, 
GABAergic). Recent observations suggest that there may be endogenous brain sleep
producing substances, possibly polypeptides (MONNIER and HOSLI, 1964; MONNIER et 
aI., 1974; NAGASAKI et aI., 1974; PAPPENHEIMER et aI., 1974; PAPPENHEIMER et aI., 1975; 
KRUEGER et aI., 1978). These observations, taken with the recent observations that 
there are benzodiazepine receptors which may have central nervous system activity in 
their own right or which modulate GABAergic activity, suggest that the brain may 
have special synaptic systems involved in sleep processes. 
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Despite these elegant advances, they have not thus far been helpful in delineating 
pathologic processes responsible for insomnia nor in the development of therapeutic 
measures for treating insomnia. In part, this may be a consequence of the fact that 
much of sleep research has been aimed at characterizing sleep and establishing norms. 
Many of the adverse consequences of insomnia are related to unpleasant feelings and 
socially maladjusted behavior which in turn also has affective consequences. 

B. Commonly Used Hypnotics 

Some of the drugs commonly employed as hypnotics are summarized in Table 1; this 
table presents only a small portion of the drugs that have been used as hypnotics. 
Omitted are the atropine-like anticholinergics, antihistaminics, all benzodiazepines 
except flurazepam, which has earned a unique reputation as a hypnotic, and the 
monoureides. 

I. Barbiturates 

Pentobarbital, butabarbital, secobarbital, and amobarbital are most commonly clas
sified as short to intermediate in duration of action. Their plasma half-lives range 
from 12 to over 40 h. The half-time of the pharmacologic actions of pentobarbital and 
secobarbital, administered intramuscularly, as measured by their ability to produce 
subjective changes and enhance the frequency and prolong the duration of post-ratio
nal nystagmus, is in excess of 5 h and probably about 12 h (JASINSKI, 1973; MARTIN 
et aI., 1974; FRASER and JASINSKI, 1977). Phenobarbital, a long-acting barbiturate, has 
a plasma half-life of 24-96 h, while the half-time for its effects on subjective effects 
and post-rational nystagmus when administerd intramuscularly is also about 12 h. 
However, effects were seen several days after its administration (FRASER and JASINSKI, 

1977). 
The effects of barbiturates on sleep have been most intensively studied of all types 

of hypnotics (KAY et aI., 1976). The consensus of findings indicate that, when barbi-

Table 1. Commonly used hypnotics· 

Barbiturates 
Secobarbital, Na (100 mg) 
Pentobarbital, Na (100 mg) 
Butabarbital, Na (50-100 mg) 
Amobarbital, Na (65-200 mg) 
Phenobarbital (100-300 mg) 

Chloral derivatives 
Chloral Hydrate (500-1000 mg) 
Chloral Betaine (870-1700 mg) 
Triclofos, Na (1500 mg) 

Benzodiazepines 
Flurazepam (15-30 mg) 

Piperidinediones 
Glutethimide (250-500 mg) 
Methyprylon (200-400 mg) 

Carbamates 
Ethinamate (500-1000 mg) 
Meprobamate 

Others 
Methaqualone (150-400 mg) 
Ethchlorvynol (500-1OOOmg) 
Paraldehyde (5-10 ml) 

• Figures in parentheses indicate commonly employed therapeutic doses 
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turates are administered occasionally for sleep, they decrease the latency of sleep onset 
and the number of body movements during sleep while increasing total sleep time, 
spindle sleep, and drowsiness (see KAY et aI., 1976, for primary references). Barbitu
rates also decrease REMS by increasing the latency to onset and decreasing the num
ber and duration of REM episodes. These changes are more profound during the early 
part of the night than later. Most of the literature suggests that these changes are dose 
related (KAYet aI., 1972); however, many studies of the effects of barbiturates on sleep 
were aimed at determining the effects of therapeutic dose and not for determining 
dose-response relationship. When barbiturates are administered chronically, toler
ance develops to their ability to facilitate sleep. Thus, OGUNREMI et aI., (1973) found 
that chronic administration of various dose levels of amobarbital (137.5-550 mg/day) 
resulted in tolerance to its ability to decrease restlessness, and when the administration 
of amobarbital was terminated, REMS and delta sleep were increased as were plasma 
levels of growth hormone. KALES et aI. (1975) administered pentobarbital (100 mg 
nightly) for 4 weeks and found that total wakefulness and delta sleep returned to the 
baseline level, although total awakening remained decreased. No change in REMS oc
curred. 

It has been established that therapeutic doses of pentobarbital, secobarbital, and 
amobarbital (see KAY et aI., 1976, and Table 1) produce significant effects on sleep. 
Further, the effects of pentobarbital on sleep are dose related (KAY et aI., 1972), and 
it may be presumed that a dose-dependent effect exists for other barbiturate. There 
is a large variability in the effects of barbiturates on sleep between patients. Thus, ex
amination of data (KAY et aI. 1972) on the suppression of REMS shows that there 
was a two- to threefold difference in effect between subjects. This degree of variability 
between patients has also been seen in the effect of pentobarbital on subjective state 
and postrotational nystagmus (MARTIN, unpublished observations, 1962). This large 
variability in response to barbiturates should be taken into consideration in selecting 
the dose. The dose should be adjusted to achieve the desired therapeutic effect. Flexi
bility of dose probably can be best achieved using elixirs. 

II. Chloral Hydrate 

Chloral hydrate is the oldest of the hypnotics whose popularity has waxed and waned 
since its introduction. Both it and its metabolite, trichlorethanol, readily enter the 
brain and are active in altering the EEG (GRUNER et aI., 1973). Chloral hydrate is ir
ritating to the mucosa and may cause indigestion, nausea, and vomiting if taken on 
an empty stomach. Trichlorethanol is also irritating and suffers from the further dis
advantage that it is a liquid. Chloral, in addition to being hydrated to yield chloral 
hydrate, has also been prepared as the phosphate (triclofos) and the betaine (chloral 
betaine) ester. These forms also are degraded in vivo to yield trichlorethanol and are 
thought to be therapeutically equivalent to chloral hydrate. 

Chloral hydrate in doses of 500-1500 mg, according to several investigators, failed 
to alter any sleep parameter when recovery nights were interspersed between doses 
(KALES et aI., 1970a; LEHMANN and BAY 1968; JOVANOVIC, 1974). On the other hand, 
when chloral hydrate was administered nightly in doses of 500-1000 mg, sleep latency 
was decreased and total sleep increased (KALES et aI., 1970b; HARTMANN and CRA-
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YENS, 1975). By and large, most investigators have found that REMS is not markedly 
altered by chloral hydrate even in the presence of decreased sleep latency and an in
crease in total sleep, drowsiness, and spindle sleep. 

III. Benzodiazepines 

Perhaps no other group of hypnotics role in the treatment of sleep disorders is as ar
bitrary as that of the benzodiazepines. Flurazepam is employed as a hypnotic while 
most of the other benzodiazepines are employed as sedatives and antianxiety drugs. 
Certainly, when anxiety is a major cause of insomnia, its treatment will facilitate sleep. 

A fairly extensive literature indicates that flurazepam increases total sleep time and 
spindle sleep, decreases sleep latency and delta sleep, and may produce some de
pression of REMS which is not usually associated with REMS rebound when it is 
stopped (see review by KAY et aI., 1976). Flurazepam does not seem to differ to a sig
nificant degree from other benzodiazepines with regard to its effects on various stages 
of sleep except that it may have a greater effect on REMS than diazepam or chlordi
azepoxide. 

IV. Piperidinediones 

1. Glutethimide 

Glutethimide is a highly lypophilic drug which is erratically absorbed from the gastro
intestinal tract. Therapeutic and twice therapeutic dose levels have been shown to de
crease REMS, but have little effect on other sleep parameters. 

2. Methyprylon 

The effects of methyprylon on sleep are similar to those of glutethimide. 

V. Carbamates 

1. Ethinamate 

Although ethinamate is employed as a hypnotic, its effect on sleep stages does not ap
pear to have been studied. It is a carbamic acid ester that has a rapid onset and a short 
duration of action. Because of this property, it is thought to be especially useful in the 
treatment of insomniacs who have difficulty in falling asleep. 

2. Meprobamate 

Meprobamate is a carbamic acid ester of propanediol not used primarily as a hyp
notic, but most commonly for treatment of anxieties and related states. Dose levels 
of 800-1200 mg produce modest decreases in REMS and increase spindle sleep, but 
do not appear to alter other sleep parameters. In a comparison of meprobamate and 
pentobarbital in addict subjects, meprobamate was found to be 1/10-1/17 as potent as 
pentobarbital in increasing the frequency of postrotational nystagmus and producing 
signs of sleepiness and relaxation (MCCLANE and MARTIN, 1976). 
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VI. Methaqualone 

Methaqualone has a very complicated pharmacology. In addition to its hypnotic ef
fects,it has antitussive, anticonvulsant, local anesthetic, and antispasmodic activity. 
It produces delirium, hyperactive reflexes, and convulsions in large doses. Methaqua
lone in a dose of 150 mg has liminal effects on sleep, while 300 mg decreases REMS 
and delta sleep. 

VII. Ethchlorvynol 

Ethchlorvynol is reported to have a rapid onset and short duration of action. Its effect 
on sleep does not seem to have been studied. 

VIII. Paraldehyde 

Paraldehyde, a cyclic polymer of acetaldehyde, is an unstable liquid with a strong 
characteristic odor and unpleasant taste. Its effects on sleep have not been studied. 

C. Mode of Action of Hypnotics 

The mode of action of barbiturates has been more thoroughly studied than that of 
any other group of hypnotics. The literature on their mode of action has been recently 
reviewed (SMITH, 1977; NICOLL, 1978) to which the interested reader is referred for 
many primary references. The issue of the mode of action of barbiturates is a complex 
one which cannot be divorced from their site of action in producing sleep. In anesthet
ic doses, pentobarbital depresses transmission at the myoneural junction (see below), 
the sympathetic ganglion (LARRABEE and POSTERNAK, 1952), spinal cord mono- and 
polysynaptic reflexes (ECCLES, 1946; BROOKS and ECCLES, 1947; LOYNING et aI., 1964; 
SHAPOVALOV, 1963; WEAKLY, 1969), cuneate nucleus (GALINDO, 1969; POLC and HAE
FELY, 1976), and olfactory bulb and cortex (RICHARDS, 1972; SCHOLFIELD and HAR
VEY, 1975). Whether the effects of very large doses of hypnotics that produce anesthe
sia are related to hypnotic effects cannot be answered. Certainly, hypnosis should not 
be considered a liminal anesthetic state. 

Even the concept of hypnosis is difficult to operationally define in animals (see Go
GERTY, 1976). The cat, which is most commonly used for electrophysiologic and 
neuropharmacologic studies, normally spends over two-thirds of the time sleeping. In 
the succinylcholine immobilized cat, which shows predominantly an activated EEG, 
4 mg/kg of pentobarbital produces a significant increase in t5 and tt EEG activity 
(MARTIN and EADES, 1960). The definition of a hypnotic dose in man is equally dif
ficult. Thus, KAY et al. (1972), who studied the effects of 75, 150, and 300 mg (ca. 1, 
2 and 4 mg/kg) of pentobarbital in man found a dose-related decrease in REMS and 
increase in stage 2 sleep. No dose-related changes in time awake or in drowsy or t5 sleep 
during a standard sleep night were observed. Accepting an ill-defined hypnotic dose 
of pentobarbital as 1-4 mg/kg in cat and man may place some of the following ob
servations in perspective. 
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I. Excitatory Processes 

1. Acetylcholine 
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Pentobarbital decreases the depolarizing effect of acetylcholine (ACh) at the 
myoneural junction as well as the inward and outward flow of membrane currents 
(SEYAMA and NARAHASHI, 1975). ADAMS (1976) argues that barbiturates block the ac
tive ACh channel converter. NICOLL and IWAMOTO (1978) in an extensive analysis of 
the actions of pentobarbital on the frog lumbar sympathetic ganglion found (1) that 
the fast excitatory postsynaptic potential (EPSP) was the most sensitive to the de
pressant action of pentobarbital; (2) that EPSPs evoked by the iontophoretic applica
tion of carbachol were depressed to the same extent as those evoked by nerve stimu
lation; (3) that the number of quanta of ACh released was not changed by pentobar
bital; and (4) that pentobarbital depolarized presynaptic nerve terminal and that the 
depolarization was antagonized by picrotoxin. 

Pentobarbital decreases spontaneous firing of as well as firing evoked by the ion
tophoretic application of ACh to neurons in the pericruciate (CATCHLOVE et aI., 1972; 
CRAWFORT and CURTIS, 1966) and prepiriform (SMAJE, 1976) cortices as well as the 
thalamus (PHILLIS and TEBECIS, 1967). There is no concurrence as to whether the ac
tion of pentobarbital and other barbiturates on ACh depolarizing and stimulating ac
tion is selective. Although some investigators have found selective depression of ACh 
stimulation by barbiturates (PHILLIS and TEBECIS, 1967), others have not (CRAWFORD 
and CURTIS, 1966). CRAWFORT and CURTIS (1966) and CRAWFORD (1970) found that 
whereas intravenously administered pentobarbital was equieffective in depressing 
both ACh and dl-homocysteic acid (DLH) stimulation of cortical neurons, pentobar
bital administered iontophoretically was more effective in antagonizing DLH than 
ACh stimulation. This observation, taken with the observation of JOHNSON et ai. 
(1969) that the percentage of sigmoid cortex neurons excited by the iontophoretic ap
plication of ACh was the same in pentobarbital-anesthetized cats and unanesthetized 
encephale isole cats, raises the question as to whether the depressant action of barbi
turates on the responsivity of cortical neurons to ACh is a consequence of an indirect 
action. 

2. NE 

Pentobarbital tends to antagonize the excitatory effects of NE and other IX agonists. 
Doses of less than 5 mg/kg prevent methoxamine from evoking the stepping reflex in 
the chronic spinal dog (MARTIN, unpublished observation, 1967). JOHNSON et ai. 
(1969) found that pentobarbital anesthesia (25 mg/kg) decreased the number of sig
moid cortex neurons that were exited by NE. The percentage of neurons inhibited by 
NE was increased in pentobarbital-anesthetized cats. 

3. Serotonin 

In the pentobarbital anesthetized cat, fewer sigmoid cortex neurones were stimulated 
by serotonin (5HT) and more were depressed by 5HT than in the encephale isole cat. 
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4. Glutamate 

Pentobarbital depressed the depolarizing effect of glutamate on tissue cultured mouse 
spinal cord neurons (RANSOM and BARKER, 1975). 

II. Inhibitory Processes 

The actions of hypnotic and barbiturate on neuronal inhibitory processes have not 
been studied as thoroughly as their actions on excitatory processes nor are they as eas
ily studied. It is known that barbiturates and benzodiazepines do alter inhibitory pro
cess and the identification of brain benzodiazepine binding sites (see Chap. HAEFELY 
et aI.) has opened new ways of thinking about the mode of action of hypnotics. 

1. Postsynaptic Inhibition 

LARSON and MAJOR (1970) found that hexobarbital prolonged the duration ofinhibi
tory postsynaptic potentials (IPSPs) evoked in unanesthetized decerebrate cat mo
toneurons by recurrent stimulation. Similarly, IPSPs evoked in hippocampal neurons 
of pentobarbital and halothane- and N02-anesthetized cats were similarly prolonged 
by pentobarbital (ca. 15-33 mg/kg) (NICOLL et aI., 1975). NICOLL (1972) also found 
that pentobarbital prolonged the IPSPs of mitral cells of the olfactory bulb. SCHOL
FIELD (1978) studied the effects of pentobarbital on the guinea pig olfactory cortex and 
found that IPSPs were prolonged and enhanced (0.02-1.0 mM). Lower concen
trations did not change resting membrane conductance. POLC and HAEFELY (1976) 
found that phenobarbital, diazepam, and flunitrazepam increase GABA-mediated 
postsynaptic inhibition in cuneate nucleus of the decerebrate cat. 

2. Presynaptic Inhibition 

ECCLES et at. (1963), in their important study which implicated GABA in presynaptic 
inhibitions and picrotoxin as its antagonist, found that pentobarbital in anesthetic 
doses, as well as chloralosane and thiamylal, increased, enhanced, and prolonged in
direct inhibition as well as the dorsal root potential in the cat (also ECCLES and MAL
COLM, 1946). This later finding was confirmed by SCHMIDT (1963) in toads. Pentobar
bital, like GABA, depolarizes primary afferents of the frog, and this effect was block
ed by picrotoxin and bicuculline (NICOLL, 1975). NICOLL (1975) concludes that this 
action of pentobarbital decreases the amount of excitatory transmitter released. Other 
barbiturate and anesthetics as well as chloral hydrate enhance presynaptic inhibition 
(MIYAHARA et aI., 1966). Pentobarbital and phenobarbital increase presynaptic inhibi
tion in the caudate (BANNA and JABBUR, 1969; POLC and HAEFELY, 1976). 

3. y-Aminobutyric Acid (GABA) 

The profound influences of hypnotics and related drugs on inhibitory processes sug
gested that one of their modes of action was to increase endogenous inhibitory pro
cesses. Study of interactions of hypnotics, anesthetics, and minor tranquilizers with 
GABAergic processes has been a particularly active area of investigation. Barbitu
rates enhance and prolong both GABA-mediated pre- and postsynaptic inhibitory 
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potentials (see C.Il.l. and 2.). In addition, several investigators have shown that 
pentobarbital enhances recurrent inhibition in the hippocampus (WOLF and HAAS, 
1977; TSUCIDYA and FUICUSIDMA, 1978). Studying isolated cultured neurons, RANSOM 
and BARKER (1975) found that pentobarbital prolonged the effect of GABA without 
altering GABA's ability to decrease membrane resistance. 

Although pentobarbital markedly enhances GABA-mediated inhibition, it does 
not appear to prevent the binding of GABA to Na + -independent saturable GABA 
binding sites in the brain and/or spinal cord of frogs (ENNA and SNYDER, 1977) or the 
rat brain (OLSEN et aI., 1977). However, pentobarbital as well as other anticonvulsant 
and convulsant barbiturates do competitively antagonize the saturable binding of ra
diolabeled dihydropicrotoxinin to rat brain homogenates (TICKU and OLSEN, 1978). 

ID. Release of Neurotransmitters 
Pentobarbital inhibits the uptake of Ca + + by rat brain synaptosome in the presence 
of K +, veratridine, or gramacidin D (BLAUSTEIN and ECTOR, 1975). HAYCOCK et ai. 
(1977) have shown that pentobarbital depressed synaptosomal release ofNE and GA
BA in the presence of CA + +, K +, and veratridine. 

IV. Stereoisomers of Barbiturates 

The stereoisomers of pentobarbital as well as other barbiturates differ in potency as 
well as in pharmacologic activity. W ADDEL and BAGGETT (1973) found that the 
S( - )-isomer of pentobarbital was more potent than the R( + )-isomer in producing 
anesthesia. Furthermore, the S( - ) isomer produced a smooth anesthesia while the 
R( + )-isomer produced a syndrome of excitement and jumping before the induction 
of anesthesia. The R( + )-isomer of methylphenobarbital also produces excitation 
(BUCH et aI., 1969). CHRISTENSEN and LEE (1973) compared the lethality of the R( +)
and S( - )-isomers and the racemic mixtures of pentobarbital, secobarbital, thiopen
tal, and thioamylal in the rat by both the intraperitoneal and intravenous route and 
found the S( - )-isomer about twice as potent as the R( + )-isomer while the racemic 
mixture had an intermediate potency. HALEY and GIDLEY (1970) found that the 
S( - )-isomer of secobarbital was twice as potent as the R( + )-isomer in producing 
sleep in mice, although both isomers were equieffective in antagonizing strychnine and 
pentylenetetrazole seizures. Although the R( + )-isomers are metabolized more rapid
ly than the S( - )-isomers (BUCH et aI., 1970), brain levels of the R( +)- and S( -)
isomers are the same (FREUDENTHAL and MARTIN, 1975). The R( + )-isomer ofhexo
barbital has a more rapid onset and is more potent, but has a shorter duration of ac
tion than the S( - )-isomer (WAHLSTROM, 1966; FURNER et aI., 1969). 

D. Site of Action 
I. Spinal Cord 
Pentobarbital and other hypnotics are known to depress spinal cord reflexes. WIKLER 
(1945), and ESPLIN (1963) observed that pentobarbital depressed the mono- and poly
synaptic segmental reflex of the cat. HOUDE and WIKLER (1951) and HOUDE et al. 
(1951) demonstrated that pentobarbital (21-30 mg/kg) and thiopental (21-60 mg/kg) 
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depressed the patellar, extensor thrust, flexor, crossed extensor, skin twitch, and Phil
lipson's reflex of the chronic spinal dog. In these studies, the barbiturates were com
pared with morphine and an interneuron depressant. Pentobarbital and thiopental ex
hibited less specificity than the other two drugs. ABDULLIAN et aI. (1960) compared 
pentobarbital with several interneuron depressants and meprobamate on the modula
tion of the patellar reflex of the acute spinal cat. Both pentobarbital (5 and 15 mg/kg) 
and meprobamate (25, 50, and 100 mg/kg) depressed the patellar reflex as well as its 
inhibition and facilitation by stimulation of the ipsi- and contralateral sciatic nerves. 
Pentobarbital (24 mg/kg) has also been compared with interneuron depressants, ben
zodiazepines and anesthetics on the ipsi- and contralateral polysynaptic extensor re
flexes evoked by stimulating the sciatic nerve of the acute decerebrate and spinal cat 
(NGAI et aI., 1966). The site of pentobarbital's depressant action was at a spinal level 
while that of the benzodiazepines was supraspinal. In this regard, MULLER et aI. (1978) 
have shown the presence of benzodiazepine binding sites in rat spinal cord synapto
somes. 

Pentobarbital does not selectively depress posttetanic potentiation of the segmen
tal monosynaptic reflex but does prolong its recovery cycle (ESPLIN, 1963). Anesthetic 
doses of pentobarbital slow the rate of rise of the motor neuron synaptic potential in 
the cat (SOMIEN and GILL, 1963). Thiopental seems to act on the segmental monosyn
aptic reflex by stabilizing the postsynaptic membrane (SOMIEN, 1963). 

Barbiturates, like opioid analgesics, depress polysynaptic and nociceptive reflexes. 
In this regard, thiopental produced a dose-dependent decrease of spontaneous and 
evoked interneuron activity in spinal cord Rexed laminae I and V and spontaneous 
activity in lamina VI, indicating a selective analgesic activity (KITAHATA et aI., 1975). 

II. Brain Stem and Cerebellum 

Pentobarbital and other barbiturates depress respiration in most species. Thus, pento
barbital (60 and 180 mg) and secobarbital (70 and 210 mg) administered orally pro
duce a dose-related decrease in the respiratory response to CO2 in man. In this regard, 
secobarbital is 1.38 times more potent than pentobarbital (BROWN et aI., 1973). 

In the succinylcholine-immobilized cat, pentobarbital in doses of 4 and 8 mg/kg 
increased blood pressure and did not alter reflex bradycardia associated with vaso
pressor responses. Doses of 4,8, and 12 mg/kg did not alter heart rate and produced 
a dose-related increase in the threshold of mesencephalic electrical stimulation neces
sary to produce vasomotor responses and a dose-related depression of the slope of the 
stimulus-vasopressor response relationship (MARTIN and EADES, 1960). 

The effects of pentobarbital and other barbiturates on the spontaneous firing of 
cerebellar Purkinje cells have been variously describe. The firing rate is decreased 
(BLOEDEL and ROBERTS, 1969; MURPHY and SABAH, 1970) and fewer cells are active 
(LATHAM and PAUL, 1972). Barbiturates, paraldehyde, chloral hydrate, glutethimide, 
ethinamate, methaqualone, clonazepam, and meprobamate produce a dose-related 
slowing of cerebellar rhythm (GOGALAK et aI., 1972). 

Pentobarbital also produces rhythmic activity in the red nucleus which is slowed 
in a dose-related manner (GOGALAK, 1970; GOGALAK et aI., 1970) and which is syn
chronous with burst of unit activity and cerebellar rhythmic activity (GOGALAK et aI., 
1970; GOGALAK and STUMPF, 1972). 
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Pentobarbital (150, 200, and 250 mg) produced a modest degree of miosis and pro
longed the duration and increased the frequency of postrotational nystagmus in a 
dose-related manner in man (JASINSKI, 1973; MARTIN et aI., 1974; MCCLANE and 
MARTIN, 1976). RASHBASS and RUSSELL (1961) observed that amylobarbital enhanced 
calorically induced nystagmus when the eyes were open, but not when they were 
closed. The observations are in keeping with the hypothesis that barbiturates dimin
ishe the ability of subjects to inhibit nystagmus by fixation. MARTIN, JASINSKI, and 
MCCLANE (unpublished observations, 1966) were unable to clearly demonstrate that 
fixation inhibited or shortened postrotational nystagmus. Meprobamate, secobarbi
tal, and phenobarbital also produce a dose-related increase in frequency and pro
longation of duration of postrotational nystagmus (FRASER and JASINSKI, 1977; 
JASINSKI, 1973; MCCLANE and MARTIN, 1976). 

III. Reticular-Activating System and EEG 

The demonstration by MORUZZI and MAGOUN (1949) that there was a midbrain be
havioral activating system which when stimulated desynchronized the EEG and in
hibited EEG slow-wawe activity aroused great interest in the possibility that this cen
ter was necessary for consciousness and was a critical site of action of anesthetics. It 
was probably a tacit assumption that this activating system was also an important site 
of action of hypnotics. The effects of barbiturates and other hypnotics on the activat
ing system have been reviewed by KILLAM (1962) and DOMINO (1962). There is general 
agreement that barbiturates in anesthetic doses virtually abolish EEG activation pro
duced by stimulating the reticular activating system. In hypnotic doses, pentobarbital 
(less than 5 mg/kg) does increase the threshold for EEG activation as defined by sup
pression of delta activity (ARDUINI and ARDillNI, 1954; MARTIN and EADES, 1960). 
Higher doses of pentobarbital and thiopental produce more profound effects on the 
threshold for EEG activation (DOMINO, 1955; KING, 1956). The effects of barbiturates 
on the recruiting response, which is thought to be related to EEG spindle activity, are 
more complex. Small doses of thiopental (3-5 mg/kg) and pentobarbital (10 mg/kg) 
enhance the recruitment response. Pentobarbital is also known to enhance evoked po
tentials in the dorsal column (HAGBARTH and KERR, 1954), cochlear nucleus (KILLAM 
and KILLAM, 1958), and the trigeminal nerve nucleus (HERNANDEZ-PEON and SCHER
RER, 1955). These data have been interpreted as a reflection of the reticular activating 
system's inhibitory effect on these neuronal circuits and a barbiturate-induced release 
from this inhibition. 

Pentobarbital prolongs the refractory period of potentials evoked in the reticular 
formation and the internal capsule by peripheral nerve and lemniscal stimulation. The 
recovery cycle of the reticular formation was prolonged by a hypnotic dose (5 mg/kg), 
while anesthetic doses were required to suppress the thalamic recovery cycle (KING et 
aI., 1957). 

Although barbiturates exert a selective action in depressing the inhibitory action 
of the reticular activating system on certain evoked potentials and slow wave activity, 
they facilitate or release certain cortical rhythmic activity. The ability of barbiturates 
to enhance spindle activity and to produce relatively high voltage, fast EEG activity 
is well known and thought to be related (see BRAZffiR, 1963). In a study of the effects 
of graded doses of pentobarbital and stimulation of the midbrain reticular activating 
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Pentobarbital 

Frequency 

Fig. 1. The EEG frequency spectra of the succinylcholine-immobilized cat before and after 
graded cumulative doses of pentobarbital. e, control; &,4 mg/kg; 0, 8 mg/kg; and 6,12 mg/kg. 
(From MARTIN and EADES, 1960) 

system on frequency analysis of the EEG of the succinylcholine-immobilized cat, 
MARTIN and EADES (1960) made several relevant observations. As can be seen in 
Fig. 1, increasing doses of pentobarbital produced increasing amounts of spindle and 
slow wave activity and slowed spindle frequency. Stimulation of the midbrain reticu
lar activating system, on the other hand, produced a voltage-related increase in the 
frequency of rhythmic cortical activity (see Fig. 2). These data suggest that the retic
ular formation has a facilitatory influence on the rhythmicity of certain cortical and 
perhaps thalamic circuits and that this influence is especially apparent in the presence 
of hypnotic to moderate doses of barbiturates. 

E. Tolerance and Dependence 

Tolerance to and dependence on sedative hypnotics have many dimensions. There are 
a number of excellent reviews of the nature of tolerance to and dependence on de
pressant drugs. Several stand out with regard to their comprehensiveness and their rel
evance to hypnotics (KALANT et aI., 1971; HUG, 1972; LEBLANC and CAPPELL, 1975; 
SMITH, 1977). 

I. Tolerance 

From the standpoint of decreased responsiveness to the actions of hypnotics at least 
three general phenomena are of importance, the first of which is a degree of respon
siveness to hypnotics on the part of the individual that is markedly less than that of 
the general population and which is not obviously related to a history of hypnotic in
gestion. This type of tolerance, which is of great clinical importance, has not been 
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Fig. 2. EEG frequency spectral changes during stimulation of the mesencephalic reticular 
formation in the pentobarbital treated (12 mg/kg) succinylcholine-immobilized cat. e, control; 
.. , 4.0 V; 0, 4.5 V; and 6, 5.0 V. (From MARTIN and EADES, 1960) 

studied in any great depth. Speculations about the causes of this type of tolerance in
clude genetic, congenital, developmental, environmental, drug metabolism, and phar
macologic influences. 

The second factor is the ability of individuals to rapidly adapt to the effects ofhyp
notics. This type of tolerance undoubtedly calls into playa large variety of adaptive 
mechanisms that are related to detoxification, metabolic, redistribution, and excre
tory processes as well as brain compensatory mechanisms that probably involve phe
nomena such as homeostatis and motivation. This type of tolerance also has received 
limited attention particularly in relation to hypnotics. The role of redistribution of 
pentothal as a mechanism for its relatively short duration of action and the Mellanby 
phenomena of alcohol intoxication are examples of these types of tolerance. 

Third, many authorities restrict the definition of tolerance to the decrease in re
sponsivitity that is a consequence of previous exposure to the same or similar drugs. 
This type of tolerance can be appropriately called pharmacologic and may be meta
bolic, which is due to increased rate of metabolism, or functional, which is presumed 
to be a consequence of altered brain function (see STEVENSON and TURNBULL, 1970). 
STEVENSON and TURNBULL (1974) have shown that rats administered barbital chroni
cally showed tolerance to intracerebrally administered pentobarbital. Alteration of 
the liver's ability to metabolize pentobarbital had little effect on intracerebrally ad
ministered pentobarbital depression. The chronic administration of chlordiazepoxide, 
nitrazepam, ethanol, a mixture of methaqualone and diphenhydramine, or chlor
promazine also induced tolerance to intracerebrally administered pentobarbital, 
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whereas chronically administerd morphine and amphetamine did not. Withdrawal 
from chronically administerd diazepam and methyprylon did not result in tolerance 
to intraventricularly administered pentobarbital. 

WAHLSTROM (1976a) has advanced the interesting hypothesis that withdrawal 
convulsions are a means of reducing the adaptive processes that are responsible for 
tolerance and physical dependence induced by chronic administration of barbiturates. 
This is at variance with the view that abstinence syndrome is a sign of a pathologic 
adaptive mechanism. To support this view WAHLSTROM (1976a, b) has shown that 
electrically induced convulsions, spontaneous barbital withdrawal convulsions, and 
pilocarpine-induced convulsions (WAHLSTROM, 1 976a) reduce barbital cross tolerance 
to hexabarbital. 

1. Measurement of Tolerance 

Pharmacologic tolerance to the hypnotics has been measured in several ways. ASTON 
(1965) determined a dose-response relationship for pentobarbital in untreated rats 
and in rats pretreated with a single dose of pentobarbital. He noted that the dose-re
sponse curve was shifted to the right by pretreatment and calculated their relative 
potency using standard bioassay techniques. He found that maximum tolerance to a 
single dose of pentobarbital developed 12-24 h after its administration. 

ROSENBERG and OKAMOTO (1974) performed a systematic neurologic examination 
measuring the level of consciousness, arousability, nictitating membrane tone, several 
reflexes (corneal, nociceptive, and righting), respiratory pattern, and motor perfor
mance. Some signs were either present or absent, and others were graded on an ordi
nal scale (0-3). Using these data, 15 syndromes of depression were defined which were 
rated on a scale of 0-1 4 with a score of 14 being maximum depression. The highest 
score obtained following a dose of a depressant was defined as the maximum de
pression rating (MDR). OKAMOTO et al.(l975), using this technique, showed that the 
maximal degree of tolerance developed to pentobarbital in the cat is 2.28; i. e., 2.28 
times as much pentobarbital is required to produce a maximal degree of intoxication 
in the maximally tolerant cat as in the nontolerant cat. It took approximately 2-3 
weeks for maximal tolerance to develop. Maximal metabolic tolerance occurred dur
ing the 1st week and accounted for approximately half of the tolerance that developed; 
the remaining tolerance was functional. 

4. Acute Tolerance 

TURNBULL and WATKINS (1976) have shown that an 8-h intraperitoneal infusion of 
pentobarbital or repeated intracerebral injections of pentobarbital over a lO-h period 
in the rat resulted in an increase (approximately 30%) in brain levels of pentobarbital 
on awakening following a test dose of 50 mg/kg. 

ll. Physical Dependence 

Physical dependence on hypnotics and other depressants has been studied in a variety 
of species. Regulatory agencies, pharmacologists, and psychiatrists have become en
amored of this phenomena to the extent that the concept and its relevance to psycho
pathology and drug development are frequently lost sight of. The concept of physical 
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dependence emerged during the late 1920s and the 1930s, principally due to the work 
of SEEVERS and TATUM (1931), LIGHT and TORRANCE (1929), and HIMMELSBACH 
(1937). These investigators showed that the chronic administration of barbital or nar
cotic analgesics produced a state which was manifested by an explosive syndrome 
when the drug was withdrawn. The abstinence syndrome is overtly discomforting in 
man and is associated with drug-seeking behavior. Thus, the dependence responsible 
for the drug-seeking behavior was termed physical because (1) it was induced by a 
chemical agent, and (2) it was associated with a primary syndrome of physiologic ab
normalities. Although an abstinence syndrome is generally believed to be the sine qua 
non of physical dependence, it now is known that an abstinence syndrome need not 
be associated with drug-seeking behavior (MARTIN et aI., 1965; MARTIN and GORO
DETZKY, 1965). Furthermore, the need for a hypnotic in patients suffering from insom
nia or anxiety may be just as "physical" as that demonstrated by patients experiencing 
an abstinence syndrome. Regardless, abstinence syndromes have been characterized 
in several species, and extensive studies have been conducted into the basic pathophys
iology underlying the abstinence syndrome. 

1. Man 

The problem of an abstinence syndrome following the withdrawal of barbiturates in 
individuals who had used them chronically was well recognized by the 1930s by Ger
man investigators (see POHLISCH and PANSE, 1934; and review by ISBELL and FRASER, 
1950). However, this view did not become generally accepted until the important con
trolled experiments OfISBELL (ISBELL et aI., 1950; FRASER et aI., 1954). In these studies, 
it was found that with chronic administration of barbiturates (secobarbital, pentobar
bital, and amorbarbital), cumulation occurred and patients showed signs of intoxica
tion including ataxia, dysarthria, nystagmus, past-pointing and impaired superficial 
reflexes and psychomotor performance, as well as wide changes in mood ranging from 
euphoria and pleasantness to hostility, aggressiveness, irritability, and depression. 
They became disheveled, paying little attention to their personal habits. Their living 
quarters were neglected and they withdrew from other patients. 

When barbiturates were withdrawn, they improved for the first 12 or so hours fol
lowing which both minor and major signs and symptoms of abstinence emerged. 
Minor signs and symptoms included weakness, tremor and involuntary twitches, 
nausea and vomiting, loss of appetite, weight loss, insomnia, orthostatic hypotension, 
and dizziness. Major signs included grand mal seizures and delirium tremens. Grand 
mal seizures when they occur usually precede delirium tremens. Delirium tremens may 
be associated with a fever. In an important study that provides guidance to physicians 
who are prescribing barbiturates for a protracted period or are treating patients who 
take barbiturates chronically, FRASER et aI. (1958) found that doses of pentobarbital 
and secobarbital below 0.4 gjday did not produce a clinically significant level of physi
cal dependence. 

2. Cat 

JAFFE and SHARPLESS (1965) showed that cats that were continuously intoxicated with 
pentobarbital for 26 h showed a reduction in pentylenetetrazol seizure threshold upon 
withdrawal. After 5 days of intoxication a near maximum reduction of pentylene-
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tetrazol seizure threshold was seen as well as tremors, increased startle response, 
and myoclonic jerks following withdrawal of pentobarbital. The time course 
of reduction of pentylenetetrazol seizure threshold correlated well with the time 
course of denervation supersensitivity produced surgically or pharmacologically. 

ROSENBERG and OKAMOTO (1974), OKAMOTO et aI. (1976), and BOISSE and OKA
MOTO (1978), using the MDR technique to establish a reproducible and maximal level 
of tolerance, established and validated a rating system for quantitatively assessing the 
intensity of the barbiturate abstinence syndrome. The signs observed were twitches, 
tremor, weakness, muscle function, motor activity, seizures, body shakes, piloerec
tions, body temperature, pupillary diameter and light reflex, eating behavior, and 
body weight. These were rated using either ordinal scales or quantal measures. These 
observations and scorings allow both the characterization of the syndrome and the 
quantitation of the abstinence syndrome. Thus, BOISSE and OKAMOTO (1978) have 
shown that the pentobarbital abstinence syndrome was twice as intense as the barbital 
abstinence syndrome. 

ROSENBERG and OKAMOTO (1976) studied changes in spinal cord reflex activity in 
abstinent, pentobarbital-dependent, acute spinal cats. In brief, they found that the 
amplitude of the monosynaptic reflex was not changed but its recovery cycle was 
shortened and recovery rate increased. Further, post tetanic potentiation of the mono
synaptic reflex was enhanced. The polysynaptic reflex was enhanced and ventral root 
after-discharge was prolonged. These changes were maximal 1.5-2 days following 
withdrawal, a time at which many other abstinence signs, including grand mal convul
sions, are maximal (OKAMOTO et aI., 1976). 

ESSIG and FLANARY (1961) studied seizures and EEG changes in cats with per
manently implanted epidural electrodes during a cycle of addiction to barbital. The 
EEG of sleeping barbital-intoxicated cats showed 5-7 Hz activity while active but 
ataxic cats showed 18-32 Hz spindle activity. This high frequency pattern activity can 
be evoked by stimulating the midbrain reticular formation in cats who have received 
graded doses of pentobarbital (see Sect.D.III). During withdrawal of barbital, myo
clonic jerks were seen which were associated with short generalized bursts of high volt
age spikes and waves. Twitches and jerks were not, always associated with EEG 
changes. Grand mal convulsions were always associated with high voltage rhythmic 
spikes. The clonic phase was characterized by rhythmic high voltage slow waves. 

3. Dog 

Barbital dependence was first demonstrated in experimental animals by SEEVERS and 
TATUM (1931) in the dog. Grand mal seizures and weight loss were signs of abstinence. 
FRASER and ISBELL (1954) identified behavior that they interpreted as canine delirium. 
Other signs of barbiturate abstinence include decreased food and water intake, trem
ors, nervousness, exaggerated startle response, twitches, and jerks (DENEAU and 
WEISS, 1968, JONES et al. 1976). These signs can be graded, and the ability of drugs 
to suppress either barbital or pentobarbital dependence have been assessed. Barbital 
dependence can be produced in decorticate dogs, although this requires higher stabi
lization doses (ESSIG, 1962a). Abstinence signs include grand mal seizures and sham 
rage. Barbital-dependent dogs with Al(OHh cortical lesions may have focal cortical 
seizures during withdrawal (Essig, 1962 b). 



Hypnotics 321 

4. Monkey 

Y ANAGIT A and TAKAHASHI (1970) studied tolerance to and physical dependence on 
barbital and pentobarbital in rhesus monkeys. The ability of barbiturates to impair 
motor function and depress arousability was assessed on an ordinal scale (0-8). Ab
stinence signs were observed and classified as mild (apprehension, irritability, mild 
tremor, anorexia and piloerection), intermediate (marked tremoring, rigidity, im
paired motor activity, retching, vomiting, and weight loss) or severe (convulsions, de
lirium, and hyperthermia). Barbiturates, administered intramuscularly or intrave
nously by self-administration techniques, produced physical dependence. YANAGITA 
and TAKAHAsm (1973) used these methods for studying the ability of a variety of drugs 
to suppress the barbiturate abstinence syndrome. 

5. Rat 

CROSSLAND and LEONARD (1963) first produced dependence on barbital which was 
placed in the drinking solution of water-restricted rats. When barbital was abruptly 
withdrawn, spontaneous and auditory-evoked convulsions were observed. ESSIG 
(1966) extended these observations and those of SCHMIDT and KLEINMAN (1964) by 
showing that food and water intake was decreased and weight was lost following with
drawing of barbital from dependent rats. SCHMIDT and KLEINMAN (1964) employed 
phenobarbital instead of pentobarbital. Of interest is the fact that chronic phenobar
bital administration (SCHMIDT and KLEINMAN, 1964) increased water intake, a finding 
that may be related to the increased food intake seen in the pentobarbital-dependent 
dog (JONES et al. 1976). 

F. Abuse of Sedative Hypnotics 

The patterns of abuse of hypnotics based on epidemiologic studies can only be rough
ly approximated for there is no acceptable consensus as to which agents should be 
classified as hypnotic. The concepts of hypnosis and sedation are not clearly de
lineated in either the minds of the physician, user, patient, or epidemiologist. Since 
most sedative hypnotics are used both for the production of sleep and the relief of 
anxieties and other discomforting states, the distinction may not be of great impor
tance in this discussion. 

I. Prescription 

In general, the following statements and generalizations can be made about prescrip
tions of sedative hypnotics. The use and prescription of psychoactive and psycho
therapeutic drugs have been increasing. The prescription of hypnotics (predominantly 
barbiturates) represents approximately 18% of all psychotherapeutic drugs pre
scribed. This percentage has been relatively stable and may be decreasing. In contrast 
minor tranquilizers (mostly benzodiazepines) have been increasingly prescribed and 
now represent nearly 40% of all prescriptions for psychoactive drugs (MELLINGER et 
al. 1973). Approximately 10% of all adults use hypnotics, and the incidence of their 
use increases with age, being highest in patients over 50. They are more commonly 
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used by women than men (PARRY et al. 1973). Most prescriptions for hypnotics are 
written by general practioners (39%), followed by internists (20%), psychiatrists and 
neurologists (16%), and surgeons (11 %) (MELLINGER et al. 1973). 

n. Abuse 

Approximately 4 % of adults are involved in the nonmedical use of hypnotics. The in
cidence of nonmedical use is highest in the 18-25 age group and is higher in men than 
women. A recent survey (JOHNSTON et al. 1979) on prevalence of elicit drug use by high 
school seniors for the years 1975 through 1978 revealed that 16% ofthe class of 1978 
had used sedatives at least once, although only 0.2% were using them on a regular 
basis. This prevalence of use has remained nearly constant for the last 4 years. Bar
biturates are the most commonly used hypnotic (ca. 66%). The prevalence of daily 
use of sedative-hypnotics of 0.2% compares with a prevalence of27.5% for cigarettes, 
10.7% for marihuana, 5.7% for alcohol, and 0.5% for stimulants. The prevalence of 
all other types of drugs of abuse was less than 0.1 %. 

The perniciousness of the abuse of hypnotics is not readily estimated. There are 
at least four areas of concern: (1) the impact of motor incoordination on accidents and 
complex social interactions; (2) the use of hypnotics in suicide attempts; (3) toxic in
teractions between hypnotics and alcohol and other depressants and, (4) the induction 
of tolerance and physical dependence. To provide information on the adverse conse
quences of misuse of drugs, the National Institute of Drug Abuse and the Drug En
forcement Agency of the United States Departments of Health, Education, and Wel
fare and Justice have jointly supported a survey of drug-associated admissions to 
emergency rooms and deaths coming to the attention of medical examiners. The re
ports come from approximately 600 examining rooms and 100 medical examiners 
from standard metropolitan statistical areas. During the period of April through June 
of 1978, there were approximately 30,000 visits to emergency rooms in which a drug 
was involved (see Dawn Quarterly Report, 1978). Approximately 15% of these ad
missions involved sedative-hypnotics, and 6% involved barbiturates. From January 
through March of 1978, there were 885 deaths in which drug were identified. Sedative 
hypnotics were identified in 25% of these deaths and barbiturates in 19%. 

G. Conclusions 
The role of hypnotic drugs in the management of sleep disorders and the processes 
and methods by which new hypnotics are identified are both in a stage of active evo
lution. Insomnia must be viewed from several perspectives: (1) When it is the conse
quence of a pathologic process, two ingredients are necessary for successful manage
ment: an accurate diagnosis and the availability of an efficacious therapeutic modal
ity. (2) When no definable pathologic process can be identified, the judgement of 
whether the insomnia itself is pathologic must be made. In this regard two questions 
are important: (a) does the insomnia itself give rise to physiologic pathologies such 
as a decrement in performance or changes in mood, and (b) does the impact of the 
insomnia on interpersonal relationships and social interactions secondarily create sig
nificant problems for the patient? 
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Methods for assessing hypnotics in animals have been recently reviewed by Go
GERTY (1976). Methods currently employed basically are directed toward identifying 
drugs that produce or enhance behavioral depression or that increase one or more of 
the stages of sleep in young or mature animals. It is not unrealistic to assume that 
patients with sleep disorders may have diverse yet selective neurologic, neurophysio
logic, and neurochemical abnormalities. If this be so, then the search for new hypnot
ics should include methods that identify agents that selectively rectify pathologic pro
cesses rather than identifying drugs with general depressant actions in the hope that 
they will be nontoxic and devoid of physical dependence-producing properties. With 
regard to dependence it is important to emphasize that many patients who are chronic 
insomniacs do have a need of one sort or another for sleep and that even a truly effective 
and selective hypnotic would be of necessity reinforcing to such patients and would ap
propriately give rise to drug-seeking behavior or compliance. 

Ageing is one common global pathologic process that frequently gives rise to sleep 
disorders and hypnotic use. The experimental use of ageing as a variable in the study 
of hypnotics would be both relevant and expedient. Other animal models of patholog
ic processes which disturb sleep can be investigated and identified. 

The very large number of patients with sleep problems and the fact that most hyp
notics currently used are liminally effective in safe clinical dose levels make disordered 
sleep one of the more important mental health problems and one that is likely to in
crease in magnitUde as the population becomes older and as social compliance be
comes more necessary. 
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CHAPTER 15 

Anticholinergics 
L.G. ABOOD 

A. Introduction 

The use of the term anticholinergics by definition implies that this class of drugs acts 
primarily on cholinergic synapses, which, on the basis of our understanding of the 
parasympathetic nervous system, can be either muscarinic or nicotinic. Since most of 
the so-called anticholinergic drugs employed by neuropharmacologists and other in
vestigators are primarily antimuscarinic, the term has generally referred to antago
nists of muscarinic sites, particularly those in the parasympathetic nervous system. Al
though the term theoretically includes antinicotinic drugs, such as hexamethonium 
and other bis-quaternary amines, the discussion in this chapter will be restricted to 
antimuscarinic agents. Bis-quaternary agents evidently do not permeate the blood
brain barrier; however, when they are injected intraventricularly into specific brain re
gions, they produce severe prolonged seizures and other neurologic symptoms (FELD
BERG, 1963). 

There are a number of naturally occurring anticholinergics whose psychotomi
metic effects have been known for centuries. Included among these are the solana
ceous alkaloids, such as ( - )-hyoscyamine, atropine (racemic hyoscyamine), and sco
polamine (hyoscine). Among the better known plants containing the alkaloids are 
henna (Hyocyamus niger), deadly nightshade (Atropa belladonna), and jimson weed 
(Datura stramonium). Extracts from such plants have been employed by primitive 
cultures both for their medicinal purposes and to produce delirium and other psy
chotomimetic effects, often as a punitive measure. 

B. Structure-Activity Relationships 

The structure-activity relationships of an extensive number and variety of anticho
linergics have been described in a number of reviews (BIEL et aI., 1961; ABOOD and 
BIEL, 1962; ABOOD, 1968); only the general features will be described here. The main 
difficulty in comparing chemical structure with the psychopharmacologic potency of 
the drugs is the deficiency of unequivocal behavioral measurements for assessing 
potency. Although a number of the anticholinergics have been evaluated for their psy
chotomimetic potency in man (ABOOD and BIEL, 1962; GERSHON, 1966), the compar
isons are based largely on a battery of quantifiable psychopharmacologic measure
ments in animals including such parameters as hyperactivity (LIPMAN et aI., 1963), 
swim maze (KOSMAN, 1964), characteristic exploratory head movements (ABOOD and 
BIEL, 1962), and operant conditioning paradigms (POLIDORA, 1963; WEISS and HEL
LER, 1969; Lowy et aI., 1974). The limitations and reliability of these comparisons 
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Fig. I. Chemical structure of various heterocyclic amino esters of benzilic acid. 1= 3-quinu
c1idinyl, II = N-methyl-4-piperidyl, III = N-methyl-3-piperidyl, IV = N-methyl-3-pyrrolidyl, 
V = N-methyl-N-methyl-2,3-piperidienyl, VI = 1,2,2,6-tetramethylpiperidyl, VII =N-methyl-3-
tropanyl, VIII = N-methyl-3-granatonyl, IX = I-pyrrolizidinyl, X = 1,2,2,6,6-pentamethyl-3-
piperidyl. R = benzilate. Psychotomimetic potency decreases from I to X 

have been discussed elsewhere (ABOOD, 1968), and they do permit certain general
izations concerning the relative ability of the anticholinergics to produce behavioral 
disturbances in animals that may reflect their psychotogenic potency in man. Struc
tural variations in the heterocyclic amino alcohol result in marked changes in potency 
with the most potent being 3-quinuclidinyl with its rigid conformation (Fig. 1). 

With respect to the acid moiety of the anticholinergics, the following structure
activity relationships apply: 

1) As Rl is increased from methyl to higher alkyls or becomes hydrogen, alkenyl, 
amino, or aminoalkyl, psychotropic potency diminishes without much effect on pe
ripheral anticholinergic action. 

2) R2 should be an unsubstituted phenyl group, while R3 must be either a 
cycloalkyl, alkynyl, thienyl, or unsubstituted phenyl. Alkyl, aryl, halide, or hydroxyl 
substituents on the phenyl rings abolish central action and diminish anticholinergic 
potency. R2 and R3 can also be replaced by hexahydrofluorenyl (FRElTER et aI., 1968). 

3) As "n" is increased beyond 2 or "Y" beyond zero, psychotropic but not anti
cholinergic potency decreases. The position of the ester side chain affects central but 
not peripheral action, with the 4-piperidyl ester being most potent, the 3-ester, second, 
and the 2-ester, least. 
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4) R4 must be an hydroxyl group, while compounds with hydrogen or an isosteric 
methyl group are devoid of central action and have diminished anticholinergic action. 
If R4 is hydrogen and the hydroxyl group is present on phenyl, central potency is re
tained. 

The duration of the psychotropic action of the various anticholinergics is depen
dent both on the type of heterocyclic amino group as well as R2 and R3. The quinu
clidinyl and pyrrolidyl derivatives tend to be longer acting than piperidyl, tro
ponyl, or granatonyl, while a cycloalkyl group in R2 and R3 prolongs duration. An 
alkynyl group in R2 and R3 decreases duration, while increasing chain length or 
branching of the alkynyl group correspondingly increases duration. 

I. Stereospecifity 

The anticholinergic glycolate esters of heterocyclic amino alcohols, including scopol
amine and related natural alkaloids, exist as optical isomers, resulting from the asym
metric C of both the amino alcohol and acid moiety. Of the two enantiomers of 3-
diphenylacetyl quinuclidine, the ( - )-isomer had 25 times the antispasmodic potency 
of the (+ )-isomer; however, the isomers were of equal toxicity, whereas no difference 
was noted in the antispasmodic potency between the two isomers of the quaternary 
derivative of 3-quinuclidinyl benzilate (STERNBACH and KAISER, 1952). With respect 
to their central action, the ( + ) and ( - ) enantiomers, which were prepared from the 
respective quinuclidionols resolved with ( + )-camphor-I O-sulfonic acid (STERNBACH 
and KAISER, 1952), differ markedly in their potency (MEYERHOFFER, 1972; Lowy et aI., 
1976). The (- )-isomer was reported to have about 20 times the potency of the 
(+ )-isomer in producing ataxia in dogs (MEYERHOFFER, 1972); however, with the use 
of more elaborate behavioral measurements in cats, the potency difference was in ex
cess of 100-fold (Lowy et aI., 1976). It is conceivable that the ( + )-isomer of 3-quinu
clidinyl benzilate is totally devoid of activity on the central nervous system, and the 
slight activity observed may be attributed to a I % contamination by the ( - )isomer. 

II. Nonesteratic Anticholinergics 

Although the majority of known centrally active anticholinergics are glycolic acid es
ters of heterocyclic aminoalcohols, there exist a wide variety of other chemical types. 
Thioglycolic esters of piperidinol have less antimuscarinic activity both peripherally 
and centrally, while tending to have a shorter duration of action than the correspond
ing esters (BUEHLER et aI., 1965). Other centrally active anticholinergics include aryl
ether, cycloalkyl ether, and aryl-cycloalkyl derivatives of piperidine and other hetero
cyclic amino alcohols; however, they are considerably less psychoactive than the esters 
or ethers (ABOOD, 1968). The phencyclidines, which are widely abused psychotomi
metic agents, possess some central antimuscarinic activity (ABOOD, 1968; WEINSTEIN 
et aI., 1973; VINCENT et aI., 1978). Phenylcyclohexyl piperidine (PCP) produces be
havioral disturbances in man and animals resembling those of other centrally active 
anticholinergics (ABOOD, 1968). Recently it has been demonstrated that the affinity 
of PCP for the muscarinic receptors in rat cerebral cortex and brain stem has a Kd of 
3 x 10- 6 M (ARONSTAM, unpublished), which is 2-3 orders of magnitude less than the 
glycolate esters. 
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C. Behavioral and Neurologic Effects 

The behavioral and neurologic effects of the more potent anticholinergics in humans 
have been reviewed elsewhere (ABOOD and BIEL, 1962; ABOOD, 1968) and will be only 
briefly summarized. At doses as low as 5 Ilg/kg (orally or intramuscularly), 3-quinu
clidinyl benzilate or N-methyl-4-piperidyl benzilate will produce confusion, delirium, 
hallucinations (visual, auditory, tactile, and gustatory), depersonalization, marked 
changes in mood, and amnesia. In addition to the spectrum of typical autonomic ef
fects, such as mydriasis, dryness of the mouth, tachycardia, hypertension, and spas
molysis, there occurs a wide variety of neurologic symptoms. Included among these 
are hyperreflexia, tremors, ataxia, aphasia, apraxia, somnolence, and restlessness. The 
effects may persist for days following a single dose of 3-quinuclidinyl benzilate or for 
only 4-8 h with N-methyl-4-ethynylphenyl piperidyl glycolate. 

In order to evaluate and quantify the behavioral effects of the centrally active an
ticholinergics, a behavioral technique was developed for the measurement of certain 
psychophysical parameters (Lowy et aI., 1974; Lowy et aI., 1976). Cats were trained 
to respond to a sound signal from either of two speakers by depressing a lever on the 
same side as the signal in order to receive a food reward. Among the parameters mea
sured were the accuracy in sound localization, sound threshold, preference for left or 
right lever (laterality), duration oflatency to trial onset and response latency, and the 
number of trials in a 30-min test interval. At 1-5 Ilg/kg of the more potent glycolate 
esters (e.g., N-quinuclidinyl benzilate or N-metbyl-4-piperidyl isopentynylphenyl gly
colate), number of trials and laterality were markedly affected, while sound threshold 
and number of errors are unaffected. A good correlation was found between the effect 
on cats' performance and the psychopharmacologic effectiveness of a group of an
ticholinergics in humans and other animal experimental paradigms. The results also 
indicate that the drugs were not producing a loss of sensory acuity in cats, but rather 
an impairment of the ability of stimuli to act as cues to behavior. 

A comparison of the effects of the ( + )- and ( - )-isomers of 3-quinuclidinyl ben
zilate on the cat's performance in a sound stimulus learning paradigm (see above) re
vealed that the (- )-isomer was 100-200 times more effective than the (+ )-isomer 
(LoWY et aI., 1976). A single 5 Ilg/kg dose of the ( - )-isomer abolished the ability of 
the cat to perform for periods lasting up to 7 days. 

D. Electrophysiologic Effects 

A number of studies have been carried out in man attempting to correlate the enceph
alographic (EEG) with the behavioral effects following the administration of Ditran 
(a mixture of N-methyl-3-piperidyl and N-methyl-2-pyrrolidylmethyl cyclopentyl
phenylglycolate). A shift in the EEG pattern towards desynchronization was observed 
with the occurrence of hallucinations, fantasies, illusions, or tremors (FINK, 1960). 
Such EEG effects were not noted with atropine. Chlorpromazine tended to reverse the 
EEG and behavioral effects. It was concluded that EEG desynchronization accom
panies behavioral disturbances such as anxiety, hallucinations, and confusion, while 
symptoms such as euphoria, relaxation, and drowsiness are associated with EEG syn
chronization. 
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A correlation was found between the degree of the confusional (psychotomimetic) 
state and the ratio of slow to fast waves concomitant with the dissolution of the alpha 
rhythm (ITIL, 1966). Alteration of the Ditran-induced confusional and delirious state 
by a drug, such as chlorpromazine, which eliminated fast activity and potentiated 
slowing in the EEG, resulted in a comatose state associated with a sleeplike EEG pat
tern. On the other hand, a partial inhibition in the delirious state was produced by 
drugs, such as yohimbine and 1,2,3,4-tetrahydroaminoacridine, which decreased the 
amount of slow EEG activity. Although yohimbine appeared to reverse mainly the 
Ditran-induced changes in consciousness, tetrahydroaminoacridine also reversed the 
psychotic symptoms, this latter effect being correlated with the recurrence of alpha 
activity. 

In order to investigate the cholinergic mechanisms involved in the physiologic bal
ance between the corticocaudate and reticular systems, the effects of atropine, Ditran, 
and physostigmine were compared in cats with electrodes chronically and acutely im
planted in the dorsal hippocampus, deep tegmental nucleus of the reticular activating 
system, head of the caudate nucleus, and right and left sigmoid gyrus (SPRADLIN et 
aI., 1966). Physostigmine was more effective than Ditran in reversing the action of 
atropine upon the caudate nucleus, while the reversal effects of physostigmine were 
transient. By simultaneously stimulating the reticular formation the "caudate 
spindle" phenomenon can be inhibited, and both atropine and Ditran elevated the 
"inhibition threshold" of reticular inhibition. Despite the slowed cortical rhythms and 
spontaneous spindles, the cats were hyperactive, disturbed (crying and whining), and 
displayed defensive movements when approached. In addition, atropine and Ditran 
had a marked effect upon the hippocampal activity, occasionally producing seizure
like activity. Again, such effects were associated more frequently with Ditran. Since 
the hippocampal discharge could be interrupted by reticular stimulation, it is not clear 
whether the discharges seen represent a localized effect or were secondary to the drugs' 
effect upon the mesodiencephalic activating system. Atropine reverses the inhibitory 
action of physostigmine on conditioned avoidance responses, operant behavior, and 
hypothalamic self-stimulation, as well as many of the excitatory (amphetaminelike) 
actions of physostigmine, such as the shortening of pentobarbital sleeping time, con
traversive circus movements, abolition of single shock responses from the midbrain 
reticular formation, and generalized EEG activation. Both Ditran and scopolamine 
also block the midbrain reticular activation of the EEG produced by physostigmine. 

These observations suggested that there might be some relationship between the 
reticular depression produced by the anticholinergics and their effect upon the hippo
campus. Studies were carried out to demonstrate this relationship by using cats with 
lesions in the mesencephalic reticular system and measuring the optic evoked re
sponse, the recruiting response from stimulation of the anterolateral ventral nucleus 
and spontaneous hippocampal activity (STERNBERGH and WILSON, 1966). Although 
atropine decreased the amplitude of the optic evoked response in waking cats but not 
in cats with reticular lesions, Ditran was without effect in either case. Physostigmine 
reversed this effect with atropine in waking cats, but had little reversal effect in le
sioned animals. The Ditran effect on the evoked response was only reversed by phy
sostigmine in the animals with reticular lesions. In animals with reticular lesions, Di
tran facilitated and atropine had no effect on the recruiting response in the anterolat
eral ventral nucleus. This facilitatory action of Ditran could not be reversed by phy-
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sostigmine. The unusually high doses for cats (1 mgjkg) of atropine and Ditran pro
duced periodic bursts of beta activity in the hippocampal cortex, an effect which was 
reversed by physostigmine. Such findings are similar to those observed with LSD and 
mescaline. It was concluded that alterations of the activity of the visual system are not 
necessarily produced by drugs with potent hallucinogenic effects; however, such drugs 
do produce disturbances in the hippocampus which appear not to involve the reticular 
system. 

E. Central Cholinergic Pathways and Systems 

Despite the fact that acetylcholine and its associated enzymes are widely distributed 
in the brain (SHUTE and LEURS, 1963), the clearly defined systems have been restricted 
to only a few brain areas. Included in this group are the caudate nucleus (BUTCHER 
and BUTCHER, 1974), hippocampus (LEURS and SHUTE, 1967), interpeduncular nuclei 
(KAKOTA et aI., 1973), and certain subcortical tracts (HEBB et aI., 1963). The extent 
of cholinergic involvement in any region can be determined by the degree of 3H-QNB 
binding, high-affinity choline uptake, and choline acetylase activity, all parameters 
appearing to be reasonably well correlated (KUHAR, 1978). Since most neural net
works in the brain involve an interaction between two or more different neurotrans
mitters, it is often difficult to explain the neurologic or behavioral effects on the basis 
of cholinergic blockade of specific brain regions. The anticholinergics have been used 
to control tremors associated with Parkinson's disease and use of the major tranquil
izers. The tremors apparently result from a deficiency in dopaminergic transmission 
within the nigrostriatum, a deficiency which is associated with both conditions. Since 
cholinergic synapses (inhibitory) originating from cells in the caudate nucleus regulate 
the release of nigrostriatal dopamine, anticholinergics tend to promote dopamine re
lease. Another example is a cholinergically activated noradrenergic inhibitory system 
in the rat somatosensory cortex, which exhibits marked activation in electric activity 
when blocked by anticholinergics (MALCOLM et aI., 1967). 

Another area of the brain with definitive cholinergic mechanisms involves the 
pyramidal cells of the hippocampus (BISCO and STRAUGHAN, 1966; HERZ and NACIE
MENTO, 1965), which appear to contain both muscarinic and nicotinic receptors (KA
WAMURA and DOMINO, 1969). Hippocampal theta rhythms, which are cholinergically 
activated concomitants associated with conditioning, can be suppressed by anticho
linergics. Presumably, this action could be responsible for the impairment in learning 
and memory storage resulting from centrally active anticholinergics. 

F. Sites of Anticholinergic Action in Brain 

With the use of high affinity radiolabeled anticholinergics, studies have been perform
ed on their regional and cytoplasmic distribution within mammalian brain (ABOOD 
and RINALDI, 1959; YAMAMURA et aI., 1974a). In monkey brain the regional distribu
tion of 3H -3-quinuclidinyl benzilate was found to correlate well with other cholinergic 
parameters, such as 3H-choline uptake, choline acetyltransferase, and acetylcholines
terase (Y AMAMURA et aI., 1974 b). By far the highest level of all four parameters was 
in the putamen and caudate nucleus. The cerebral hemispheres, amygdala, and hippo-
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campus contained about half the concentration of the benzilate, but the level of the 
other cholinergic parameters was a small fraction of that found for the caudate nu
cleus. Apart from the caudate nucleus, the correlation between the distribution of the 
anticholinergics and the parameters used to measure cholinergic function was not im
pressive. By determining the extent to which 3H-3-quinuclidinyl benzilate binding was 
diminished by pretreatment of rats with atropine, the degree of specific binding for 
the anticholinergic can be determined in various brain areas (Y AMAMURA et ai., 
1974 b). It would appear from such studies that although a correlation was found in 
some brain areas, e.g., the caudate nucleus, between the distribution of the anticho
linergics and other measures of cholinergic action, the binding studies do not permit 
the conclusion that the drug's distribution is an accurate reflection of the pattern of 
muscarinic cholinergic receptors in brain. 

The utilization of the binding of 3H -anticholinergics to tissue preparations follow
ing the lesioning of specific brain areas provides another means of measuring specific 
receptors for the anticholinergics. If nerve terminals of the cholinergic afferents to the 
hippocampus contain muscarinic cholinergic receptors, as suggested by pharmaco
logic studies (MOLENAR and POLAK, 1970; SZERB and SOMOGYI, 1973), then lesioning 
of the septal-hippocampal cholinergic tract should reduce the drug's binding, a con
clusion which was experimentally verified (YAMAMURA and SNYDER, 1974). 

I. Competition Between Behavioral Potency and Receptor Affinity 

In order to determine whether the centrally active anticholinergics bind to a physio
logic receptor, an attempt was made to correlate inhibition binding constants of the 
various anticholinergic agents to their psychopharmacologic potency (BAuMGOLD et 
ai., 1977). Such a correlation between behavioral and binding data has been attempted 
with a series of 14 glycolate esters (Fig. 2). A linear relation was observed between the 
behavioral data and the logarithm of the inhibition constants for binding. The be
havioral data were taken from previously published accounts and are expressed quan
titatively as BDI (behavioral disturbance index; see GABEL and ABOOD, 1965). From 
the evidence presented in this study, it can be concluded the 3H-QNB binds to a 
muscarinic site in brain which is involved in producing the behavioral disturbances 
elicited by the glycolate esters. This conclusion is based on the low K d, the saturability 
and stereospecificity of binding competition studies, and especially on the reasonable 
correlation observed between behavioral and binding data (Fig. 2). Although the cor
relation can be useful in predicting the behavioral potency of new glycolate esters, on 
the basis of their inhibition constants, there are notable exceptions such as atropine, 
scopolamine, and compound IV. All three drugs had very high affinities for the 3H_ 
QNB binding site, but their behavioral potencies were relatively low. They all contain 
heterocyclic ring systems other than the piperidine or quinuclidine. In a previous 
study, where an attempt was made to correlate the behavioral potencies of a series of 
glycolates with certain physical constants, the correlation tended to be excellent for 
the quinuclidinyl and piperidyl esters, but not for those having other heterocyclic 
amino rings such as tropanol and granatonoi. On the other hand an excellent correla
tion was observed between affinity constants and the ability of the anticholinergics to 
block the acetylcholine-induced contraction of ileum, the correlation being indepen
dent of the type of heterocyclic amino ring (BAUMGOLD et al., 1977). 
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A comparison of the receptor binding affinities of the two optical isomers of 3-
quinuclidinyl benzilate reveals that the (- )-isomer has about 50 times the affinity of 
the ( + )-isomer for a synaptic membrane preparation from rat caudate nucleus (un
published). It had been previously reported that the ( - )-isomer had only 20 times the 
affinity of the ( + )-isomer to a neural membrane preparation from whole rat brain 
(BAUMGOLD et aI., 1977). The difference may be due to the fact that caudate nucleus 
contains a greater concentration of cholinergic receptors and that a purified synaptic 
membrane preparation was used in the later study. The relative binding affinities of 
the two isomers was, however, still less than the 200: 1 potency ratio found in the cat 
behavioral test (LoWY et aI., 1976). A plausible explanation is that the specific neurons 
associated with the behavioral disturbances of the drugs may possess a greater degree 
of binding stereospecificity than that exhibited by membrane preparations from either 
whole brain or caudate nucleus. 

G. Conformational Analysis of Glycolate Esters 

A conformational analysis has been attempted in order to explain the central action 
of the glycolate esters (GABEL and ABOOD, 1965). From a consideration of chemical 
structure-activity relationships and certain physical characteristics of the glycolate es
ters, it appears that the psychotomimetic effects of the esters may be dependent upon 
the charge and availability of the lone electron pair of the ring N. It is assumed that 
the primary site of attachment for the drug molecule is an electrophilic center of the 
receptor molecule, and that its accessibility is influenced by steric factors affecting the 
nonbonded electron pair of the heterocyclic N. 

An extremely potent psychotomimetic agent of the glycolate series is 3-quinuclidyl 
benzilate. A unique feature of quinuclidine is its extreme rigidity, which imposes se
vere restrictions on the rotational and translational movements of the C and N atoms. 
This rigidity imposes restrictions on the 3-acyl substituent so that it is incapable of 
intramolecular hydrogen bonding, chelation, and electronic interaction with the N, 
interactions which would diminish drug efficacy. 

Stereochemical considerations may also account for the diminution of pharmaco
logic activity resulting from alkyl substitution on the carbons adjacent to the ring N, 
the diminished potency with increasing chain length of the N-alkyl substituent, and 
the fact that the (f3)-isomer of 9-methyl-3-granatanol benzilate is considerably more 
potent than the (X-isomer (ABOOD, 1968). 

Verification of the hypothesis that the availability of the nonbonded electron pair 
on the heterocyclic N is a critical factor in determining psychotropic potency of the 
anticholinergics requires measurements of such physicochemical parameters as the 
rate of quatemization of the tertiary N and the charge-transfer stability constants. 
The rates of quatemization and formation of charge-transfer complexes between 
chloranil and the drug would be expected to vary directly with the pharmacologic 
potency, and a reasonably good correlation was found (NOGRADY and ALGIERI, 1968; 
BAUMGOLD et aI., 1975). If the comparisons are limited to the piperidyl, pyrrolizidyl, 
and quinuclidinyl glycolate esters, the correlation is generally excellent; however, 
when other heterocyclic amino derivatives, such as tropanyl, granatonyl, or pyrroliz
dinyl are included, the correlation is less convincing. It would appear that the nucleo-
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philicity of the heterocyclic N is an essential requirement for pharmacologic activity, 
but steric-configurational factors optimizing drug-receptor interaction are also im
portant. 

H. Theoretical Models of Muscarinic Receptor 
It has been suggested that charge-transfer reactions are important in the interaction 
between a biologic receptor and the anticholinergics (GREEN et aI., 1974) as well as 
other psychotomimetic drugs. The argument that a correlation exists between the abil
ity to form charge-transfer complexes and psychotomimetic potency of the indoleal
kylamines has been both affirmed (SUNG and PARKER, 1972) and denied (MILLIE et 
aI., 1968). Theoretical models of the cholinergic receptor have been developed by de
termining the pattern of the molecular electrostatic potential generated by the inter
action of acetylcholine with a hypothetical negative site on the receptor (WEINSTEIN 
et aI., 1973). Because of their rigid structure, cholinergic antagonists, although able 
to generate the characteristic electric potential, are unable to induce the conforma
tional rearrangement of the receptor complex essential for its biologic responsiveness. 
In an effort to account for the fact that scopolamine has considerably greater central 
action than atropine, comparative calculations of the protonation affinity of the sol
vated drugs revealed scopolamine to be more nucleophilic (in the gas phase) and, be
cause of solvation interaction and not intramolecular electronic redistribution, less 
basic (WEINSTEIN et aI., 1977). This observation tends to be in opposition to the ex
perimental pKas for atropine and scopolamine (9.8 and 7.8 respectively), which sug
gest that atropine should be more readily protonated than scopolamine. From the mo
lecular electrostatic potential maps for the interaction of the model compounds, tro
pine and scopine, with the receptor and crystallographic data for scopolamine, the sta
bilization energy for scopine is calculated to be 2.5 kcal/mol greater than tropine. This 
difference could account for the fact that scopolamine has a psychotropic action over 
two orders of magnitude greater than atropine (WEINSTEIN et aI., 1977). Insofar as the 
charge-transfer stability constant is an equilibrium constant, it reflects the stabiliza
tion energy of a reactant as well as the nucleophi1icity of the drugs. 

Quantal mechanical studies were performed on the molecular interaction of phen
cyclidine derivatives with the cholinergic receptor, utilizing reactivity criteria based on 
the interaction pharmacophore obtained from the electrostatic potential pattern of 
the hypothetical drug-receptor complex (WEINSTEIN et aI., 1973). A good correlation 
was found between both the anticholinergic and psychotomimetic properties of the 
phencyclidines and the structural requirements obtained from the interaction phar
macophore of acetylcholine (WEINSTEIN et aI., 1973). Although the study was confined 
to the phencyclidines, which are weak anticholinergics, it was postulated that the in
teraction pharmacophore is a useful representation of the electronic structural char
acteristics required for interaction of the acetylcholine and its antagonists with the re
ceptor. The model accounts for the fact that substituting thienyl or ethynyl for phenyl 
in phencyclidine does not diminish psychotropic potency, whereas replacement of 
phenyl by lower alkyl, nitrile, or alkyl or halide-substituted phenyl abolishes psycho
tropic activity. Such structure-activity relationships are in agreement with those of the 
substituted glycolic acid derivatives of piperidinol and other cyclic amino alcohols 
(ABOOD and BIEL, 1962). 
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I. Multiple Configurational States of the Muscarinic Receptor from Brain 

It now appears that several neural receptors, including the muscarinic (SNYDER and 
BENNETT, 1976), exist in both agonist and antagonist conformations (SNYDER et aI., 
1975). A more appropriate model considers the receptor to exist in a "high-affinity 
agonist" and "low-affinity agonist" form, which are interconvertible by modification 
of sulfhydryl and other functional groups. Reductive alkylation of neural membranes 
with N-ethylmaleimide (NEM) or certain transition metals increases the affinity for 
muscarinic agonists, such as carbamylcholine, without altering the affinity of anticho
linergics (ARONSTAM et aI., 1978). The following scheme has been proposed for the 
muscarinic receptor which is based on the Katz-Thesleff cyclic model for the nicotinic 
cholinergic receptor ofthe motor end plate (KATZ and THESLEFF, 1951) and attempts 
to incorporate much of the recent biochemical and physical data on the receptor 
(ARONSTAM et aI., 1978): 

L+R" .2.- LR" 

NEM t tNEM? 
L+R' ~ LR' -

J~ Jr 
L+R --L LR -

Fig. 3. Rand R' represent the low and high agonist-affinity states, respectively. R, receptors that 
have been converted to the high-affinity form by NEM alkylation and have the same binding 
properties as R'. L is a ligand, and a and b are the association constants of the ligand with the 
receptor in the different states 

Reductive alkylation of certain sulfhydryl groups appears to stabilize the receptors 
in the high affinity state, and since the NEM conversion requires elevated tempera
tures, the NEM-sensitive sulfhydryl groups may be buried within the receptor mole
cule. The NEM conversion to the high affinity state is more nearly complete in the 
presence of an agonist than an antagonist or no receptor ligand, although exposure 
of the receptor to the agonist alone does not alter suh~cquent agonist binding. Evi
dently an agonist-induced conformational change within the receptor exposes the 
buried sulfhydryl groups to NEM, and insofar as the change is not produced by an
ticholinergics, it may reflect the physiologic response of the receptor to the agonist. 
In the case of the Katz-Thesleff model the equivalent of R refers to a refractory state 
of the receptor, so that a pharmacologic response occurs only after the association of 
the agonist in the active state (R, in the model above). It has been suggested that the 
high agonist-affinity state of the end organ of the electric eel is correlated with desen
sitization, insofar as preconditioning of nicotinic receptors increases receptor affinity 
for agonists (WEBER et aI., 1975). 

The association of the anticholinergic with the muscarinic receptor is distinctly dif
ferent from that of acetylcholine and other agonists, despite the fact that both contain 
an esteratic and cationic site. The difference is attributable to the presence of aromatic 
or other large hydrophobic substituents on the anticholinergics which contribute to 
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their interaction with hydrophobic sites of both phospholipids and proteins. Both the 
degree of hydrophobicity and steric factors contribute to the interaction of anticho
linergics with their receptor, probably eclipsing esteratic-cationic forces. Thermo
dynamic studies of the brain muscarinic receptor suggest that hydrophobic forces are 
preponderant over ionic and polar forces; furthermore, chaotropic ions, which 
weaken hydrophobic interaction by disrupting water structure, reversibly decrease an
ticholinergic affinity to receptors (ARONSTAM et aI., 1977). 

ll. Use of Affinity-Labeled Sepbarose for Purification 
of Muscarinic Receptor from Brain 

In an attempt to isolate the muscarinic receptor from mammalian brain an affinity 
column was prepared by coupling to AH-sepharose beads a highly potent anticholin
ergic, I-methyl-4-piperidyl phenyl (3-methyl-but-lyne-3-enyl) glycolate (BAUMGOLD 
and ABOOD, unpublished). 

OR 

@-f-COOCN-CH3 
C=C?=CH2 

CR3 

By reacting the alkenyl residue of glycolate with bromine to form the bromide de
rivative, which is then coupled to AH-sepharose, an affinity gel was obtained having 
the following structure: 

An extract, prepared by homogenization of rat brain membranes in 1 % Triton X-
100 followed by ultracentrifugation, was passed through the affinity column, and the 
muscarinic receptor material, which was retained on the column, was eluted with 
0.01 M carbamylcholine. The eluted component, which is homogeneous by SDS-ac
rylamide gel electrophoresis and appears to have a molecular weight in excess of 
300,000, exhibits only about five fold enrichment of 3H-QNB binding. Conceivably, 
the activity was irreversibly diminished by exposure of the receptor to detergent 
(ARONSTAM et aI., 1977). 

I. Possible Role of Calcium in Anticholinergic Action 

At concentrations of 10- 5 M, the centrally active anticholinergics inhibited the spon
taneous twitching observed when the frog sartorius muscles were immersed in a Ca
free Ringer's solution (ABOOD et aI., 1963). It was shown subsequently that the in-
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tracellular resting potential of the muscle after partial depolarization in Ca-deprived 
media could be restored upon the addition of low concentrations of N-methyl-2-pyr
rolidylmethyl cyclopentylphenylglycolate (pMCG) to the medium. Evidently the drug 
was acting in a manner similar to Ca in restoring the resting potential and, thereby, 
excitability of the muscle. A similar action of Ca and PM CG was observed on the neg
ative after-potential of an excited single muscle fiber. At a concentration of 10 - 5 M, 
PMCG produced a marked prolongation of the negative after-potential, usually seen 
when the Ca concentration of Ringer's solution is increased from 2 to 5 mM. Accom
panying the prolongation of the negative after-potential in the presence of 10 - 5 M 
PMCG is a significant increase in the degree of isometric contraction of the frog 
muscle. The stimulation of the muscle anaerobic glycolysis accompanying the depo
larization reSUlting from either Ca removal or high K + is also blocked by the addition 
of 10- 5 MPMCG (ABOOD, 1962). Evidently the drug's action is at the level of the Ca
linked excitation-coupling system of the muscle. Since the concentration of PMCG 
used in such studies is considerably greater than that needed to produce central effects 
in mammals, one might question their relevance to the drug's action on brain. Nev
ertheless, in view of the general regulatory role of Ca in excitability as well as neuro
transmitter storage, release, and action, the possibility should be considered that some 
of the central actions of the anticholinergics may be attributable to their interference 
with Ca. 

J. Clinical Use of Anticholinergics 

A number of centrally active anticholinergics are used clinically in the treatment of 
various psychiatric disorders as well as Parkinsonism and the extrapyramidal side ef
fects of the major tranquilizers (see Table 1). As early as 1951, large doses of atropine 
were used in the management of psychotics, the dose (32 mg) being sufficient to pro
duce confusion, delirium, and coma (FORRER, 1951). In the course ofinyestigating the 
central effects of Ditran in humans, it was observed that some subjects exhibited a 
marked elevation in mood, characterized by increased euphoria, initiative, and activ
ity (ABOOD and MEDUNA, 1958). Subsequently, it was shown that following an intra
muscular dose of 5-15 mg Ditran to depressed patients, which produced hallu
cinations, delirium, and confusion, there occurred an amelioration of many of the 
symptoms (ABOOD and MEDUNA, 1958; FINKELSTEIN, 1961). 

Benactyzine, a drug which was introduced in the early days of the psychotherapeu
tic drugs, is probably the only anticholinergic used chronically for the treatment of 
psychoneuroses (JACOBSEN, 1964). Its peripheral anticholinergic potency is about one
tenth that of atropine, and its central action, one-tenth that of Ditran. 

A number of widely used psychotherapeutic drugs are known to produce anticho
linergic side effects including central manifestations. Included in this group are the tri
cyclic antidepressants, phenothiazines, and anti-Parkinsonism drugs (DAVIES et aI., 
1971; GERSHON et aI., 1962; VAN DER KOLK et aI., 1978). Among the central effects 
produced in man are anxiety, delirium, hallucinations, stupor, and coma, all of which 
are characteristic of the potent anticholinergics. With the use of the QNB-receptor 
binding assay, it can be shown that the tricyclic antidepressant, amitriptyline and 
c10zapine had about 5% the potency of atropine, while imipramine had about 10% 
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Table 1. Psychotherapeutic anticholinergics. 

Name Chemical structure Dose (rug) Treatment 

H3C ..... N r lHlOH 
Atropine OlC'@ 30 Psychosis 

c:lcb!@ 
N HP"'@ 70% 
CH3 0 

Ditran + 5-15 Depression 

?xg) 
OOlCC'@ 30% 

CH3 

Benactyzine 
9~ 

(ClHshN(CHl)lOC,@ 3-10 Depression 

Q 
Trihexylphenidyl OCHlCHlC-OH 1-2 Parkinsonism 

© 
H3C ..... N ;g Extra-pyramidal 

Benztropine roc'\Q) 1-2 symptoms 
Pyrkinsonism 

Thiothixene ©r:::© 10-20 Psychosis 
II 1\ 
CHCHlN N-CH3 

L/ 

Thioridazine CX:D 1H
3 200-800 Psychosis In CHlCHl 

Amitriptyline ©C;© 75-150 Depression 

CHCHlCHlN(CH3h 

I-Cyc1ohexylpiperidine £ Anesthesia 
(dissociative) 
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and chlorpromazine about 1 % the binding affinity to brain preparations as did ami
triptyline (SNYDER and Y AMAMURA, 1977). Such studies prompted the conclusion that 
the anticholinergic properties may be in part responsible for the antidepressant effects 
(SNYDER and YAMAMURA, 1977), but in a clinical study little correlation was found 
(VAILLANT, 1969). 

A number of major tranquilizers, such as clozapine and thiroidazine, have a low 
incidence of extrapyramidal side effects, whereas others, such as the butyrophenones 
and trifluoperaine, have a high incidence. The difference is explainable on the basis 
that drugs such as clozapine exert a central anticholinergic effect at dose levels needed 
for tranquilization. By examining the relative affinity of a variety of antipsychotic 
drugs for the muscarinic receptor, it was shown that the ability to produce extrapyra
midal side effects was inversely related to the affinity to the muscarinic receptor (SNY
DER et aI., 1974). 
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CHAPTER 16 

Central Nervous Actions 
of Beta-Adrenoceptor Antagonists 
D. A. BUXTON, D. T. GREENWOOD, and D. N. MIDDLEMISS 

A. Introduction 

The development during the 1960s of drugs which specifically antagonise p
adrenoceptors has led to the introduction of a new class of therapeutic agents of es
tablished value in the treatment of a variety of cardiovascular diseases, including 
angina, cardiac arrhythmia and hypertension. It has been assumed that these effects 
are mediated primarily by the antagonism of the effects of noradrenaline at receptor 
sites within the peripheral autonomic nervous system. In hypertension, however, the 
mode of action is by no means certain, and evidence has been put forward in support 
of a centrally mediated component (DAY and ROACH, 1973). Various central nervous 
system effects have been noted in both animals and man, and these effects may pro
vide a basis for the claimed therapeutic benefits seen in some psychiatric and neuro
logical disorders. The mechanisms underlying these therapeutic claims are poorly 
understood, since p-adrenoceptor antagonists have pharmacological actions other 
than at p-adrenoceptors and the role of the latter in the CNS is unknown. 

We review the evidence that there are p-adrenoceptors in the CNS, and that p-ad
renoceptor antagonists have central biochemical, behavioral, and electrophysiologi
cal effects in animals and man as well as the extent to which these may be related to 
their therapeutic actions in psychiatric and neurological disorders. 

The CNS actions of p-adrenoceptor antagonists have been the subject of several 
previous reviews (GREENBLATT and SHADER, 1972; JEFFERSON, 1974; WmTLocK and 
PRICE, 1974; CONWAY et aI., 1978). 

B. Pharmacological Heterogeneity and Access 
to the Brain of Beta-Adrenoceptor Antagonists 

Of fundamental importance to studies of p-adrenoceptor antagonists in the CNS is 
the appreciation that these agents form a heterogeneous class of compounds with re
spect to pharmacological activity. These drugs may have selectivity for different sub
types of p-adrenoceptor; thus, Prreceptors are largely characteristic of heart tissue 
and Prreceptors oflung and blood vessels. They may have intrinsic sympathomimet
ic (ISA or partial agonist) activity and/or may have membrane stabilising activity 
(MSA), a property which is related to lipophilicity and therefore to ease of brain pen
etration of these agents. A summary of the commonly used p-adrenoceptor antago
nists and their known properties is given in Table 1. 

As well as possessing pharmacological heterogeneity, these drugs also show differ
ent abilities to enter the CNS. There have been a number of animal studies designed 
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Table 1. Pharmacological activities of some p-adrenoceptor antagonists 

Generic name Proprietary p-Antag- Selec- ISA" MSAb Brain 
name onist tivity access 

activity 

Dichloroisoprenaline + None +++ + NAc 
(DCI) 

Propranolol Inderal (1) + None None + + 
D-Propranolol Very weak None None + + 
Pronethalol Alderlin (1) + None ++ + + 
INPEA + None + None Poor 
Butoxamine + P2 + NN NAc 
Pindolol Visken (2) ++ None ++ + + 
Alprenolol Aptin (3) + None None + + 
Oxprenolol Trasicor (4) + None + + + 
Sotalol Betacardone (5) + None None None Poor 

Sotacor (6) 
Practolol Eraldin (1) + PI + None Poor 
Atenolol Tenormin (7) + PI None None Poor 
Metoprolol Lopressor (8) + PI None None Poor/+ 

Betaloc (3) 
Acebutolol Sectral (9) + PI + + Poor/+ 

" Intrinsic sympathomimetic activity 
b Membrane-stabilising activity 
C Data not available 
+, + +, + + + Increasing intensity/potency 
(1) ICI, (2) Sandoz, (3) Astra, (4) CIBA, (5) Duncan Flockhart, (6) Bristol, (7) Stuart, (8) Geigy, 
(9) May and Baker 

to measure CNS penetration of these agents after both acute and chronic administra
tion (MASUOKA and HANSSON, 1967; SCALES and COSGROVE, 1970; HAYES and COOPER, 
1971; BODIN et aI., 1974; GARVEY and RAM, 1975; MYERS et aI., 1975; JOHNSSON and 
REGARDH, 1976; LEVY et aI., 1976; DAY et aI., 1977; SCHNECK et aI., 1977; VAN 
ZWIETEN and TIMMERMANS, 1979; STREET et aI., 1979; CRUIKSHANK et aI., 1979) which 
show that all the commonly used p-antagonist drugs do penetrate the CNS to some 
extent. Radioactivity can be detected in the mouse brain as early as 5 min after sys
temic administration of radiolabelled p-adrenoceptor antagonists, albeit to varying 
degrees (STREET et aI., 1979). Distribution equilibrium between the brain and plasma 
is achieved within 30 min for propranolol (HAYES and COOPER, 1971) and alprenolol 
(BODIN et aI., 1974), but takes 12 to 24 h for practolol (SCALES and COSGROVE, 1970). 
The degree of penetration of the CNS can be explained on the basis of the lipophilicity 
of individual drugs. Thus propranolol, alprenolol, oxprenolol and pindolol readily 
penetrate the CNS, acebutolol and metoprolol somewhat less so, and sotalol, atenolol 
and practolol penetrate very poorly (see previously quoted references in this section). 
There is a slight initial preferential uptake of the L-isomer of propranolol into brain 
tissue after intravenous administration in mice (LEVY et aI., 1976), which cannot be 
explained in terms of the lipophilicity of the D- and L-isomers which are identical. This 
difference may be explicable in terms of a cardiovascular phenomenon since pro
pranolol has been demonstrated to alter cerebral blood flow (MACKENZIE et aI., 
1976). 
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The relevance of these animal studies to man may be judged from a post-mortem 
study in patients who had received a prolonged intravenous infusion ofD-propranolol 
as part of a treatment for paraquat poisoning (MYERS et aI., 1975). This study showed 
that the brain/plasma ratio of propranolol in man under these conditions is similar 
to that observed in the rabbit ('" 15:1), and therefore this p-adrenoceptor antagonist 
is highly concentrated in brain tissue. 

C. Evidence for Beta-Adrenoceptors in the CNS 

I. Biochemical Evidence 

p-adrenoceptor antagonists principally block sympathetic stimulation, an effect 
which is thought to occur via adrenoceptors linked to an adeny1ate cyclase. It is there
fore possible that central nervous effects may also be due to the attenuation of central 
sympathetic stimulation. A necessary condition for this to occur is that p-adrenocep
tors should be demonstrable in the CNS. 

The first biochemical demonstration of p-adrenoceptors in the CNS was by 
KAKIUcm and RALL (1968) who showed that an adenylate cyclase from rabbit cere
bellum, when stimulated by isoprenaline, produced an increase in cyclic AMP, which 
was antagonized by dichloroisoprenaline, a p-adrenoceptor antagonist. Stimulation 
of adeny1ate cyclase by isoprenaline has subsequently been demonstrated in rat brain 
homogenates (HORN and PmLLIPsoN, 1976), in the cortex of the primate brain (AHN 
et aI., 1976) and in the cerebellum of the human brain (TSANG and LAL, 1978). Each 
of these isoprenaline-stimulated adenylate cyclases was blocked by propranolol (for 
a recent review see KEBABIAN, 1977). WURTMAN et aI. (1971) demonstrated that the 
synthesis of serotonin and melatonin in the pineal body of the rat is mediated through 
a p-adrenoceptor. These studies all suggest the presence of p-adrenoceptors in the 
CNS. 

Technical difficulties involved in the preparation of catecholamine-responsive ad
enylate cyclases from brain tissue, however, have hampered further research in this 
area. More recent work has concentrated on the demonstration of p-adrenoceptors 
in the eNS, using receptor binding techniques. 

A variety of radio ligands has been used to demonstrate and quantify p-adrenocep
tors in the CNS. These include [3H] propranolol (NAHORSKI, 1976), dihydro [3H] a1-
prenolol (ALEXANDER et aI., 1975; BYLUND and SNYDER, 1976), [1251] iodohydroxy
benzylpindolol (SPORN and MOLINOFF, 1976) and [3H] adrenaline (U'PRICHARD and 
SNYDER, 1977). The binding properties of the radioligands to CNS homogenates have 
the characteristics of receptors in that the binding was in each case rapid, reversible, 
stereospecific and of high affinity. The order of potency of catecholamine agonists in 
displacing these ligands was found to be isoprenaline> adrenaline> noradrenaline, 
which fulfills the criteria for beta-adrenoceptors. Depending on the tissue source, the 
receptors were found to be predominantly of the P1 type (ALEXANDER et aI., 1975; 
BYLUND and SNYDER, 1976; DOLPmN et aI., 1979), P2 type (NAHORSKI, 1976; 
U'PRICHARD and SNYDER, 1977; COTE and KEBABIAN, 1978) or a mixture of the two 
subtypes (NAHORSKI, 1978). The ontogeny of both the [1251] iodohydroxybenzylpin
do101 binding site and isoprenaline-stimulated adenylate cyclase has been studied in 
the rat, and it is concluded that the development of p-adrenoceptors permits the ex-
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pression of catecholamine-sensitive adenylate cyclase activity. Normal levels of p-re
ceptors are reached 14 days after birth (HARDEN et aI., 1977). There is a good correla
tion between the potencies of p-agonists and antagonists against dihydro [3H] al
prenolol binding and catecholamine-stimulated adenylate cyclase in both the rat cor
tex (DOLPHIN et aI., 1979) and rabbit cerebellum (COTE and KEBABIAN, 1978). It is 
therefore likely that in the CNS the dihydro [3H] alprenolol binding site and the p
adrenoceptor coupled to an adenylate cyclase are identicai. Despite the fact that p
receptors have been detected on glial cells (MAGUIRE et ai., 1976), it is probable that 
the majority of the p-adrenergic radioligand binding sites are of synaptic location and 
hence may playa role in synaptic transmission (BYLUND and SNYDER, 1976; DAVIS and 
LEFKOWITZ, 1976; DOLPHIN et ai., 1979). Further evidence for a synaptic localisation 
of p-adrenoceptors has been provided by the use of a fluorescent analogue of pro
pranolol, 9-aminoacridine-propranolol, which has been claimed to selectively label, 
in vivo, the presynaptic p-receptors in the cerebellum (MELAMED et ai., 1976). More 
recent studies have suggested, however, that the fluorescence seen in this study was 
a result of autofluorescent granules (HESS, 1979). 

II. Electrophysiologieal Evidence 

Evidence that p-adrenoceptors may be functional entities in the CNS comes from 
micro-iontophoretic studies in which micro-iontophoretic application of adrenergic 
agonists and antagonists has been shown convincingly to influence the electrical ac
tivity of cortical neurons of the cat (STRAUGHAN et ai., 1968). The presence of both 
excitatory and inhibitory p-adrenoceptors in cat cortex has been demonstrated 
(BEVAN et ai., 1974; BEVAN et ai., 1977). 

D. Neuropharmacological and Behavioral Effects 
of Beta-Adrenoceptor Antagonists 

I. Central Nenoos Effects in Animals 

Despite the convincing demonstration of the presence of p-adrenoceptors in the CNS, 
it is not clear what contribution antagonism at these receptors may play in the ob
served central effects of p-adrenoceptor antagonists. 

Much of the work on central actions of p-adrenoceptor antagonists follows ad
ministration by systemic routes, and therefore debate exists concerning the relative 
importance of peripheral and central mechanisms and the possibility of actions other 
than those at p-adrenergic sites playing a role. 

If central P-blockade is of importance during treatment with these drugs, one may 
anticipate changes in central noradrenaline levels or turnover. Many studies on the 
effect of both acute and chronic administration of p-adrenoceptor antagonists on 
brain biogenic amine concentrations have been published, but these are mainly con
tradictory in their findings. Thus, one or more of the amine levels have been found 
to be increased (ARO and KLINGE, 1971; MAHON et ai., 1977; MILMORE and TAYLOR, 
1976), decreased (BRUNNER et ai., 1966; HERMAN et ai., 1971) or unaffected (LAVERTY 
and TAYLOR, 1968; GREEN and GRAHAME-SMITH, 1976; MAZURKIEWICZ-KWILECKI 
and ROMAGNOLI, 1970). 
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Studies on amine turnover in rats, after acute administration of propranolol, claim 
to show an enhancement of dopamine turnover in the limbic regions of the brain 
(FUXE et aI., 1976a; WIESEL, 1976) or no change in whole brain (ANDEN and STROM
BOM, 1974), but no change in the striatum after chronic dosing (LAVERTY and TAYLOR, 
1968). Noradrenaline turnover is apparently reduced and increased by L- and D-pro
pranolol, respectively, in the cortex cerebri (FUXE et aI., 1976b) and is increased 
(WIESEL, 1976) or unchanged (ANDEN and STROMBOM, 1974) in whole brain by DL-pro
pranolol administration. 5-HT turnover is either reduced (MILMORE and TAYLOR, 
1976) or unaffected (GREEN and GRAHAME-SMITH, 1976) by acute propranolol admin
istration to rats. It is our opinion that no conclusions can be drawn from such con
flicting data, and a definitive study of the effect of a range of p-adrenoceptor antag
onists on biogenic amine levels and turnover is required. 

Other biochemical effects which have been noted following administration of p
adrenoceptor antagonists include alterations in the activity of tyrosine hydroxylase 
(SULLIVAN et aI., 1972; PETERS and MAZURKIEWICZ-KwILECKI, 1975; RAINE and 
CHUBB, 1977), dopamine p-hydroxylase (RAINE and CHUBB, 1977) and monoamine 
oxidase (MAO) (MILMORE and TAYLOR, 1976). The last of these changes, the inhibi
tion of monoamine oxidase by propranolol, is likely to be due to the membrane-sta
bilising property of propranolol since the effect occurs only at high concentrations 
(0.26 mM). This membrane-stabilising effect is also likely to account for the activity 
of p-adrenoceptor antagonists against [3H] haloperidol (BREMNER et aI., 1978) and 
PH] naloxone receptor binding (CHARALAMPOUS and ASKEW, 1974). Presynaptic p
adrenoceptors are thought to mediate noradrenaline release, and blockade by p-adre
noceptor antagonists has been demonstrated in brain slices (SHENOY and ZIANCE, 
1979). Chronic propranolol administration is also claimed to induce p-receptor super
sensitivity as measured by adenylate cyclase responsiveness to noradrenaline (DOL
PHIN et aI., 1977) or dihydro [3H] alprenolol binding (DOLPHIN et aI., 1979). This may 
not be a functional supersensitisation during chronic administration of the drug, since 
acute administration of propranolol actually reduces the apparent number of p-recep
tors in rat brain if care is taken not to wash away propranolol bound to the mem
branes (CONNELL et al., 1980). 

Propranolol has been shown to modify both brain oxygen consumption (ANDJEL
KOVIC, 1974; BERNTMAN et aI., 1978) and glycolysis (LEONARD, 1972; BERNTMAN et al., 
1978) and, following intraventricular administration, to elevate serum prolactin 
(GALA et aI., 1972) and also to reverse the effect of dopamine on growth hormone re
lease (COLLU et aI., 1972). 

Other studies following central administration of p-adrenoceptor antagonists have 
suggested the possible role of p-adrenergic systems in the hypothalamic control of 
both feeding behavior (LEIBOWITZ, 1970) and blood pressure (PHILIPPU and KITTEL, 
1977). 

A variety of neuropharmacological and behavioral properties have been at
tributed to p-adrenoceptor blocking drugs. Many of these relate to central nervous 
system depression. Thus, LESZKOVSKY and TARDOS (1965), MURMAN et ai. (1966), 
BARAR and MADAN (1973), TRIVEDI and SHARMA (1973) and IZQUIERDO et aI. (1974) 
describe reduced spontaneous locomotor activity in rodents following propranolol, 
pronethalol and alprenolol, but nifenalol (INPEA) may be unique in possessing CNS 
stimulant properties (MURMAN et aI., 1966; ILYUTCHENOK et aI., 1972; BARAR and MA-
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DAN, 1973). KSIAZEK and KLEINROK (1974) have examined effects on locomotor be
havior following intraventricular administration, and although very small doses of 
propranolol caused increased activity, higher doses of propranolol and all doses of al
prenolol and sotalol tested decreased activity. Reports of potentiation of barbiturate 
and ethanol hypnosis by p-adrenoceptor antagonists support these general findings 
(SHAH et aI., 1974; BARAR and MADAN, 1973, and IYER et aI., 1975). Sedative effects 
of a more subtle nature are evident from observations reported of the effects of p-ad
renoceptor antagonists on hyperarousal or aggression following septal lesions in rats 
(BAINBRIDGE and GREENWOOD, 1971), the behavior of isolated mice (WEINSTOCK and 
SPEISER, 1973), mouse shock-induced fighting (MURMAN et aI., 1966) and both am
phetamine and LSD-induced behaviors (WEINSTOCK and SPEISER, 1974; KOCUR et aI., 
1977). There is a report that propranolol reverses the aberrant behavior induced in 
dogs by the anticholinergic drug Ditran, an effect considered by the experimenters to 
be predictive of antidepressant activity (KOROL and BROWN, 1967), but there have 
been no clinical reports of such activity. Muscle relaxation and inhibition of tremor 
induced by oxotremorine have been reported for several antagonists of this class 
(AGARWAL and BOSE, 1967; SHARMA et aI., 1971; LESLIE et aI., 1972; SINGH et aI., 1973; 
GANGULY, 1976). Various effects on conditioned behavior have been reported, includ
ing effects of propranolol on rat conflict behavior (SEPINWALL et aI., 1973; Ro
BICHAUD et aI., 1973), timing behavior (RICHARDSON et aI., 1972) and conditioned 
avoidance (MERLO and IZQUIERDO, 1971; IZQuIERDO et aI., 1974) and by oxprenolol 
on conditioned hyperthermia (NOBLE and DELINI-STULA, 1976). It is unlikely that the 
bulk of these generally eNS depressant effects are related to P-blockade. Not only are 
they seen at doses many times higher than those required for P-blockade, but they are 
also commonly produced by similar doses of the drugs' stereo-isomers where these are 
available, e.g. propranolol and oxprenolol, which differ markedly in p-adrenoceptor 
antagonist potency. Also, not all fJ-adrenoceptor blockers which reach the eNS show 
depressant activity. Nifenalol, as seen previously, appears to be a eNS stimulant. It 
may be noted in this context that INPEA is structurally an ethanolamine whilst most 
antagonists discussed here are propanolamine in structure. The mechanism common 
to many of these drugs of membrane stabilising activity, shared equally by the isomers 
of propranolol, has frequently been invoked as a likely mechanism for non-specific 
eNS depressant effects of which sedation may be one. 

Anticonvulsant properties of p-adrenoceptor antagonists have been repeatedly de
scribed. These include inhibition of audiogenic seizures and those induced by maximal 
electroshock and strychnine in rodents (LESZKOVSKY and TARDOS, 1965; MURMAN et 
aI., 1966; TRIVEDI and SHARMA, 1973; SHAH et aI., 1974; MADAN and BARAR, 1974; 
IYER et aI., 1975; SAELENS et aI., 1973, 1974, 1977; JAEGER et aI., 1978). Propranolol 
is a potent inhibitor of maximal electroshock seizures in the rat (EDso =4.5 mg/kg) 
(JAEGER et aI., 1978), but there is little doubt that this property is also independent 
of P-blockade since the D-isomer of propranolol is also a potent anticonvulsant (JAE
GER et aI., 1978). Work by SAELENS et ai. (1973, 1974, 1977) strongly suggests that a 
major metabolite of propranolol, propranolol glycol, contributes to this anticonvul
sant effect. 

Examples of neuropharmacological and behavioral effects which may arise from 
blockade of p-adrenoceptors in the eNS are rare and perhaps not surprisingly since 
little is understood of central fJ-receptor function. Ethanol-induced behavior in ro-
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dents is believed to be catecholamine dependent (CARLSSON et aI., 1972) and has a 
stimulant phase believed to be mediated by oc-adrenoceptors but also a depressant 
phase which is inhibited by propranolol (MATCHETT and ERICKSON, 1977; ENGEL and 
LILJEQUIST, 1976). 

More extensive, however, is the evidence that some fJ-adrenergic antagonists have 
effects at central serotonin receptors. 

The recent demonstration using receptor binding techniques of a stereospecific in
teraction of propranolol and other fJ-adrenoceptor antagonists with the 5-HT recep
tor on rat brain synaptic preparations indicates an activity of fJ-antagonists which 
may be of importance in interpreting some of the central effects of these drugs seen 
in animals and man (MIDDLEMISS et aI., 1977). The blockade of the [3H] 5-HT binding 
site may explain the antagonism of a 5-HT-sensitive adenylate cyclase noted by 
KOCUR et aI. (1975) and the blockade of LSD-induced biochemical and behavioral 
changes in the mouse (KOCUR et aI., 1977) since propranolol and other fJ-adrenocep
tor antagonists also displace [3H] LSD from its receptor (CONNEL et aI., 1979). 

The study of several fJ-adrenoceptor antagonists in isolated tissue and ganglion 
preparations (SCHECHTER and WEINSTOCK, 1974; WEINSTOCK and SCHECHTER, 1975), 
and in several behavioral syndromes related to raised functional brain 5-HT activity, 
are consistent with these drugs having 5-HT antagonist activity. Thus, propranolol 
and several other fJ-adrenoceptor antagonists inhibit the development in rats of a hy
peractivity syndrome produced by the administration of the 5-HT precursor L-trypto
phan and a monoamine oxidase (MAO) inhibitor (GREEN and GRAHAME-SMITH, 1976; 
COSTAIN and GREEN, 1978 and DEAKIN and GREEN, 1978; BUXTON et aI., 1979) and 
a probably related syndrome induced by MAO inhibition and reserpine (DELINI-Sru
LA and MEIER, 1976). Where stereo-isomers exist, as in the case of propranolol, the 
L-isomer shows the more potent effect in these experiments. This observation is also 
true of propranolol's inhibitory effect on another syndrome resulting from 5-HT pre
cursor loading, namely head twitches in mice following 5-HTP (WEINSTOCK et aI., 
1977). There is a report that sleep induced by 5-HT in young chicks, which lack a 
blood brain barrier, is also inhibited stereospecifically by propranolol (WEINSTOCK et 
aI., 1977), but this does not appear to be a consistent finding (BUXTON and FRIEND, 
1979, in preparation). YEROUKALIS et ai. (1978) have shown convincingly that pro
pranolol applied iontophoretically to Purkinje fibres of the cerebellum inhibits 5-HT 
induced excitation. The balance of evidence from these studies suggests that it is likely 
that some fJ-adrenoceptor blocking drugs may act in vivo as 5-HT antagonists. 

II. Central Nervous Effects in Man 

In contrast to findings in animals, there is relatively little unequivocal evidence indic
ative of direct effects of fJ-adrenoceptor antagonists on the human CNS. 

Conflicting results have been obtained from studies of the effects of fJ-adrenocep
tor antagonists on the human EEG. Several investigators have recorded no changes 
in response to single or repeated low oral or intravenous doses of propranolol and ace
butolol (DUNLEAVY et aI., 1971; LADER and TYRER, 1972; STRAUMANIS and SHAGASS, 
1976; KAYED and GODTLIBSEN, 1977a), whereas others have observed minimal or 
transient effects following propranolol, metoprolol and acebutolol (RUSER, 1976; 
KAYED and GODTLIBSEN, 1977b; ORZACK et aI., 1973). The latter investigators showed 
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that at a dose of 330 mgjday, propranolol selectively increased fast p-wave activity. 
This effect was not, however, apparent at the higher dose level of675 mgjday. In con
trast, other studies have shown more pronounced EEG changes attributable to pro
pranolol (COMPARATO and MONTUORI, 1973; MOGLIA et al., 1976; ROUBICEK, 1976 and 
1977) and pindolol (ROUBICEK, 1977). These effects are reportedly characterised by in
creased amplitude and frequency of both /X- and fast p-wave activity somewhat similar 
to changes observed following the administration of benzodiazepine anxiolytics and 
tricyclic antidepressant drugs. Impaired performance in several psychomotor function 
tests, e.g. pursuit rotor and reaction time, has been demonstrated after administration 
of single oral doses of oxprenolol, atenolol, and propranolol (GLAISTER et al., 1973; 
BRYAN et al., 1974; LANDAUER et al., 1979). Other similar studies, including critical 
flicker frequency tests (CFF), have yielded conflicting results (TYRER and LADER, 
1974a, b; OGLE and TURNER, 1974). In addition, neither atenolol nor propranolol ex
erted any significant effects on the performances of either the Stroop colour-word test 
or on car driving skills (HARVEY et al., 1977; CLAYTON et al., 1977). It may be signif
icant that performance of those tests which are primarily dependent on cerebral func
tion, i.e. CFF and serial subtraction, invariably remain unaffected by p-adrenoceptor 
blocking drugs. The decrement in performance noted by some authors may thus be 
a consequence of an action on skeletal muscle rather than a direct depressant effect 
on the CNS. 

Several clinical investigators have sought corroborative biochemical evidence for 
an action of p-adrenoceptor antagonists at central sites by measuring neurotransmit
ter metabolites and neuro-endocrine levels. BELMAKER et al. (1978) failed to detect any 
effects of propranolol on cerebrospinal fluid (CSF) cyclic nucleotide concentration. 
In contrast, propranolol has been found to modify human growth hormone secretion 
(IMURA et al., 1968; MASSARA and CAMANNI, 1972) and to attenuate by 80% the noc
turnal rise in serum melatonin secretion (HANSSEN et al., 1977). 

Studies of changes in the level of prolactin following the administration of p-ad
renoceptor antagonists are of particular interest because of the reported beneficial ac
tions of these drugs in the treatment of psychosis. RIDGES et al. (1977) reported a tran
sient elevation in serum prolactin levels after propranolol, whereas later investigators 
reported either no effect (ELIZURE et al., 1978) or a small decrease (HANSSEN et al., 
1978; WILSON et al., 1979) following administration of this drug to schizophrenic 
patients. Elevated prolactin levels, either in response to metoclopramide infusion 
(WILSON et al., 1979) or in women with hyperprolactinaemia (BOARD et al., 1977) do 
not appear to be reduced by propranolol administration, suggesting that the slight de
crease observed in some schizophrenic patients is unlikely to be due to changes in do
paminergic receptor function. 

The therapeutic administration of p-adrenoceptor blocking drugs has been associ
ated with a range of side effects which, though of a low overall incidence, collectively 
suggest that these drugs do exert central effects in man. These side effects include vivid 
dreams, insomnia, visual and tactile hallucinations, disorientation and "acute brain 
syndrome" (STEPHEN, 1966; PRICHARD and GILLAM, 1964; HINSHELWOOD, 1969; 
TYRER and LADER, 1973; SHOPSIN et al., 1975; TOPLISS and BOND, 1977; HELSON and 
DUQUE, 1978). Paradoxical, in view of the reported benefit in some schizophrenic 
patients, are isolated reports of "propranolol psychosis" with auditory hallucinations 
(FRAZER and CARR, 1976; STEINERT and PuGH, 1979) and disorientation and paranoid 
delusions (PETERS et al., 1978). 
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E. Therapeutic Effects in Psychiatric and Neurological Disorders 

Irrespective of the significance of the various biochemical, neuropharmacological and 
behavioral properties of p-adrenoceptor antagonists which have been demonstrated 
in animals, there is an increasing interest in the use of these drugs in the treatment of 
several psychiatric and neurological disorders in which a direct action on the CNS 
may be implicated. 

I. Anxiety 

The use of p-adrenoceptor antagonists in the control of anxiety was reported by 
GRANVILLE-GROSSMAN and TuRNER (1966), who showed that propranolol was more 
effective than a placebo in relieving the autonomically mediated symptoms of clinical 
anxiety. Many subsequent clinical trials have demonstrated the value of propranolol 
(GOTTSCHALK et aI., 1974; BECKER, 1976), oxprenolol (GAIND et aI., 1975; JAMES et aI., 
1977; NUM, 1977), sota101 (TYRER and LADER, 1972) and metopro101 (HEIDBREDER et 
aI., 1978) in alleviating the somatic manifestations of anxiety. These symptoms, e.g. 
tachycardia, palpitations and gastro-intestinal disturbances, arise as a consequence of 
excessive stimulation of peripheral p-adrenoceptors and commonly occur during 
states of acute emotional arousal. 

Although the "psychic" elements of anxiety may also respond to p-adrenoceptor 
antagonists, the balance of evidence favours a predominantly peripheral site of action 
(GOTTSCHALK et aI., 1974; GRANVILLE-GROSSMAN, 1974). The observation that the D
isomer of propranolol, which is virtually devoid of p-adrenoceptor antagonist activ
ity, is ineffective in treating anxiety is of particular relevance in this context (BONN and 
TURNER, 1971). Furthermore, practo101, a drug which enters the brain poorly, is clini
cally effective (BONN et aI., 1972). 

II. Drug Dependence and Abuse 

Excessive stimulation of the sympathetic nervous system is also a common finding in 
alcoholism and drug dependence, suggesting a logical application of p-adrenoceptor 
antagonists in the management of these conditions. Conflicting reports have appeared 
concerning the effects of propranolol in the treatment of alcoholics (CARLSSON and 
JOHANSSON, 1971; NOBLE et aI., 1973; GALLANT et aI., 1973; CARLSSON and FASTH, 
1976; SELLERS et aI., 1977) and opiate addicts (GROSZ, 1972; LOWENSTEIN, 1973) and 
in alleviating adverse reaction to LSD and marijuana (LINKEN, 1971; DREW et aI., 
1972). The behavioral interactions observed in animals between p-adrenoceptor an
tagonists and alcohol or certain stimulant drugs may indicate that central actions are 
involved in addition to effects at peripheral p-adrenoceptors. 

III. Tremor 

Numerous reports have appeared during the past decade of the value of several p-ad
renoceptor antagonists in treating various forms of tremor. Beneficial effects have 
been reported in tremor associated with anxiety (GRANVILLE-GROSSMAN and TURNER, 
1966; SUZMAN, 1976), thyrotoxicosis (MARSDEN et aI., 1968), lithium therapy for 
mania (KIRK et aI., 1973; FLORU et aI., 1974) and in benign essential tremor (GILLIGAN 
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et aI., 1972; DUPONT et aI., 1973; WINKLER and YOUNG, 1974; TERAVAINEN et aI., 
1977), also in Parkinson's disease when given alone or in combination with other anti
tremor drugs (HERRING, 1964; OWEN and MARSDEN, 1965; BHASKAR et aI., 1977; KIs
SEL et aI., 1974). 

Although a central component in the action of propranolol in benign essential 
tremor has been implicated (YOUNG et aI., 1975), it is probable that a major compo
nent in the therapeutic action of p-adrenoceptor antagonists resides in their ability to 
block peripheral p-adrenoceptors located in the region of the intrafusal fibres of 
muscle spindles (MARSDEN et aI., 1967; BOWMAN and NOIT, 1970). Evidence exists for 
the sympathetic innervation of at least some muscle spindle poles (BALLARD, 1978), 
and intravenous infusion of adrenaline and other sympathomimetic amines enhances 
both physiological and pathological tremor (MARSHALL and SCHNEIDEN, 1966), pre
sumably by an exclusively peripheral mechanism. 

Beneficial effects of propranolol in clonus (MAl and PEDERSEN, 1976) and in Ek
born's syndrome have been claimed (STRANG, 1967), but pindolol may precipitate this 
condition (MORGAN, 1975). 

IV. Migraine 

Propranolol and certain other fj-adrenoceptor antagonists have been shown to be ef
fective as a prophylactic treatment for migraine (WEBER and REINMUTH, 1972; MAL
YEA et aI., 1973; ANTHONY, 1977). However, the aetiology of this condition and, there
fore, the mode of action of p-adrenoceptor blocking drugs in alleviating it remains un
certain. The relative contribution of central and peripheral neuronal components is 
unclear, and both noradrenergic and serotonergic factors have been implicated. Thus, 
although the blockade of peripheral fj-receptors may be an important feature in the 
action of these drugs (JOHNSON, 1978), possible effects at central noradrenergic and 
tryptaminergic sites may yet be demonstrated. 

V. Schizophrenia and Other Behavioral Disorders 

Of great potential interest and possible theoretical importance are the claims for ben
eficial effects of high doses of propranolol in various psychotic states. Interest was ini
tially aroused following the observation of improved mental state during treatment 
of acute porphyria with propranolol (ATSMON and BLUM, 1970). Improvements in 
florid symptomatology have subsequently been claimed in both acute and chronic 
schizophrenics and in manic patients after propranolol (ATSMON et aI., 1972; ATSMON, 
1973; YORKSTON et aI., 1974; VON ZERSSEN, 1976; YORKSTON et aI., 1977; SHEPPARD, 
1979) and oxprenolol (YOLK et aI., 1972) administration. Patients who improved on 
propranolol appeared to be those who exhibited a high urinary excretion of catechol
amines and 3-methoxy-4-hydroxy-phenylglycol (MHPG) while taking the drug (ATS
MON et aI., 1972). 

Where beneficial effects have been observed, doses have been high in relation to 
those normally required to effect peripheral fj-adrenoceptor blockade, suggesting that 
other actions of these drugs or their metabolites might be involved. In contrast, other 
investigators (ORZACK et aI., 1973; GARDOS et aI., 1973; RACKENSPERGER et aI., 1974) 
have observed no benefit. It is hoped that further controlled studies now in progress 
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will allow a definitive conclusion to be drawn as to whether propranolol is useful in 
the treatment of schizophrenia. If p-adrenoceptor antagonists prove to be useful in 
the treatment of certain forms of psychosis, important theoretical issues will be raised 
since these drugs are devoid of classic neuroleptic, i.e. dopamine antagonist, activity 
possessed by the phenothiazine and butyrophenone drugs. As previously pointed out, 
they also do not cause the marked elevation in plasma prolactin concentration which 
is characteristic of neuroleptic medication. There are also anecdotal reports that pro
pranolol may alleviate certain aspects of belligerent behavior and "explosive rage" fol
lowing head injury (ELLIOT, 1976, 1977). 

F. Summary and Conclusions 

Neuropharmacological and biochemical studies have provided convincing evidence 
that certain p-adrenoceptor antagonists have central effects in animals, and these 
studies also suggest several possible mechanisms by which these effects may be 
brought about. First, there is good evidence that central p-adrenoceptors exist and 
that they may be widely distributed in brain tissue. There is also good evidence that 
p-adrenoceptor antagonists are effective at central p-receptors in vitro. Since many 
drugs of this class are also known to pass into the brain easily it may be assumed, 
therefore, that they may also act in vivo as central p-adrenoceptor antagonists. A sec
ond possible mechanism of action is membrane stabilisation which is possessed by 
many p-adrenoceptor antagonists. Antagonists such as propranolol and oxprenolol, 
which possess stereo-isomers, show a separation between the isomers for P-blocking 
effects but not for membrane stabilisation. Since several effects in animals, including 
sedative, anti tremor and anticonvulsant effects, are common to both isomers, it is pos
sible that such a non-specific effect is responsible. A third central mechanism of poten
tial importance comes from evidence that certain adrenoceptor antagonists may also 
act centrally as 5-HT antagonists. 

With this information, and considering the range of effects reported in animals, 
it is perhaps surprising that clinical pharmacology has demonstrated relatively few 
eNS effects in man, with the exception of some EEG changes and minor performance 
deficits. However, some of the reported side effects in man, e.g. hallucinations and 
vivid dreams, are probably better evidence for central action of some of these drugs. 
Although there have been numerous claims for therapeutic uses of p-adrenoceptor an
tagonists, it is difficult in most cases to distinguish the relative effects of peripheral 
and central contributions to the therapeutic effect. Whilst therapeutic efficacy seems 
certain in some anxiety states, in control of tremor and migraine it may not be nec
essary to invoke a central mechanism of action by adrenoceptor antagonists although 
the possibility of a central mechanism cannot be ruled out. The evidence for efficacy 
in the management of major psychosis by p-adrenoceptor antagonists is less strong, 
and the results of more controlled studies are required. If this effect is confirmed, a 
major new role for drugs of this type may emerge and, in this instance, it would pre
sumably be necessary to assume a central mechanism of action. 
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CHAPTER 17 

Caffeine 
C.-J. ESTLER 

A. Introduction 
Caffeine in the form of caffeine-containing beverages is probably one of the most 
widely used psychostimulatory agents. The use of coffee beans is first reported in the 
fifteenth century in Ethiopia and Arabia. The habit of coffee drinking soon became 
popular, first in the Near East and about 100 years later in Europe. From there it 
spread over the western hemisphere. Today the per capita consumption of coffee in 
various countries is in the range of several kilograms per annum (Table 1). 

The use of tea stems from the Far East. It was indroduced to China in the fourth 
century and to Japan in the ninth century. In the sixteenth century the first tea-leaves 
were brought to Europe, where in some countries tea soon became a favourite drink 
(Table 1). 

Mate is a popular drink in South America. Its caffeine content is slightly lower 
than that of tea. Cocoa-like drinks made from the seeds of the cocoa tree, which con
tain 1.5%-3% theobromine and 0.05%-0.15% caffeine, have been in use in Mexico 
and Peru since old ages and were introduced to Europe in 1520, but only in the nine
teenth century did the production of cocoa powder became really important. In recent 

Table 1. Per capita consumption of coffee beans and tea-leaves in 
various countries (1972). (According to GILBERT, 1976) 

Canada 
Denmark 
Finland 
France 
Germany (Federal Republic) 
Japan 
Italy 
Netherlands 
Norway 
Sweden 
Switzerland 
United Kingdom 
United States 

Coffee beansa 

(kg) 

4.1 
12.6 
12.0 

5.1 
4.9 
0.5 
3.4 
903 

1003 
13.5 
6.2 
2.2 
603 

a Coffee beans contain 0.8%-2.5% 
b Tea-leaves contain ca. 2% caffeine 

Tea-leavesb 

(kg) 

0.9 
0.4 

0.1 
0.2 
1.0 
0.1 
0.6 

0.2 
0.2 
3.8 
OJ 
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Table 2. Caffeine content of various beverages. (According to GooDMAN and 
GILMAN, 1975; GILBERT, 1976, LEVENSON and BICK, 1977) 

Range Average 
(mg/cup) (mg/cup) 

Coffee 
Ground 60-150 85 
Instant 40--100 60 
Decaffeinated" 1- 8 3 

Tea 25-100 40 

Cocoa (depending on type of preparation) 7- 50 

Cola drinks 20- 50mg/lOoz 

" Decaffeinated coffee contains a maximum of 0.08% caffeine according to 
regulations valid in the Federal Republic of Germany; in the United States at 
least 97% of the caffeine must be removed (VITZTHUM, 1976) 

Table 3. Caffeine content of various kinds of coffee. (According to VITZTHUM, 1976) 

Regular coffee as used in 
central European countries 

Mocca 
Espresso 

Amount 
of coffee used" (g/l) 

50 

100 
150 

Percent 
of caffeine extracted 

90 

75 
60 

" Roasted coffee beans contain 0.8%-2.5% (normal range, 0.9%-1.3%) caffeine 

decades the so-called cola drinks named after the kola nut, which contains about 2% 
caffeine, have become very popular. 

Surely the above-mentioned beverages are consumed not only because of their 
pleasant taste, but also because of their stimulating properties, which correlate fairly 
closely to their caffeine content. However, the caffeine content may vary widely de
pending on the mode of preparation of the drink (Tables 2 and 3). Furthermore, these 
beverages contain a host of other ingredients (Table 4) that may influence the absorp
tion of caffeine from the gastro-intestinal tract or modify its action. Chlorogenic acid, 
for instance, which is present in coffee in greater amounts than caffeine, possesses cen
tral stimulatory properties and is held responsible for stimulatory effects produced by 
decaffeinated coffee (CZOK, 1966). These facts must be considered when the results 
of studies with coffee, tea or caffeine are compared. 

The beneficial effects of caffeine on psychomotor performance seem to be well
known. In textbooks of pharmacology (e.g. GOODMAN and GILMAN, 1975) they are 
described with phrases such as the following: "Caffeine is a powerful CNS stimu
lant ... Its main action is to produce a more rapid and clearer flow of thought, and 
to allay drowsiness and fatigue. After taking caffeine one is capable of a greater 
sustained intellectual effort and a more perfect association of ideas. There is also 
keener appreciation of sensory stimuli, and reaction time to them is appreciably 
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Table 4. Main constituents of coffee beans and tea-leaves. (According to LEVENSON 
and BICK, 1977; VITZTHUM, 1976) 

Coffee beans roasted 

Carbohydrates 
Proteins 
Lipids 
Minerals 
Caffeine 
Chlorogenic acid 

~24%-30% 
~ 9%-13% 
~13% 

4% 
0.9%-2.5% 
3.5% 

Tea-leaves 

Carbohydrates } 
Cellulose 
Amino acids 
Lignin 
Tannins or polyphenols 
Caffeine 
Theobromine 
Theophyllin 

>25% 

1.5%-5% 
0.2% 
0.1% 
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diminished ... In addition, motor activity is increased .... " Of course, adverse effects 
can be also observed, especially when larger quantities of caffeine have been ingested, 
and there is a limited number of individuals who do not tolerate caffeine very well. 

But in spite of the fact that the favourable effects of caffeine on psychomotor func
tions appear to be beyond any doubt, trials to substantiate the empirically well-known 
psychomotor effects by way of sophisticated psychological methods yield equivocal 
results. There are a number of reasons for the discrepancies, which are to be mention
ed briefly: A large part of the original experiments on the psychological effects of cof
fee and caffeine were carried out in the first decades of this century. These studies were 
often poorly devised and in many cases uncontrolled and performed on only a few 
subjects who, moreover, had not been properly selected. Sometimes subjective ratings 
substitute for objective measurements and statistical evaluations are missing. Such 
studies that do not fulfill the criteria of modern experimental design must be judged 
with proper reserve. But even more recent investigations are sometimes defective with 
regard to standardization and control. This is especially true for studies with coffee. 
In most studies only one dose of caffeine or coffee has been tested. Despite the fact 
that different investigators have used different doses of caffeine, dose-response rela
tions cannot be easily established, since the ways in which the drinks were prepared 
or the drugs administered vary widely. Furthermore, only a few investigators gave at
tention to their subjects' habits in caffeine consumption, and very few were aware of 
the possibility that the outcome of the experiments might be influenced or falsified by 
tolerance to caffeine in caffeine-treated subjects or by withdrawal symptoms in un
treated controls. 

B. Experiments in Humans 

I. Effects on Various Psychological Parameters 

The effect of caffeine on psychomotor performance has been surveyed in earlier pa
pers. The reader is referred also to the earlier reviews by EICHLER (1938, 1976), CAL
HOUN (1971), CZOK (1966), GILBERT (1976), LANDIS (1958), SELBACH (1969), and 
WEISS and LATIES (1962). 
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1. Mood 

Effects of caffeine on mood have been mostly tested by self-rating of the subjects stud
ied. Such ratings show a great variation. In experiments by FLORY and GILBERT (1943) 
30 of 43 subjects receiving'" 160 mg caffeine did not feel that they had received a stim
ulant. According to BACHRACH (1966) there was no difference on the rating of interest, 
attentiveness and wakefulness between caffeine- ( '" 130 mg) and placebo-treated sub
jects. In experiments by NASH (1972) the alleviation offeeling offatigue brought about 
by 100 mg -caffeine/m2 body surface was only at the borderline of significance, and 
in experiments by LADER (1969) only small increases in alertness and "quickness" have 
been observed with 300 mg caffeine, 150 mg being ineffective. Subjective arousal was 
little influenced by a very high dose of 750 mg caffeine (FROBERG et aI., 1969). 
MITCHELL et aI. (1974), who treated their subjects with 150--300 mg caffeine, placebo, 
disguised drugs or no drug, judged caffeine to be an active placebo which was effective 
only when the subjects knew they received the drug. On the other hand, persons re
ceiving '" 240 mg caffeine felt talkative, excited, exhilarated and less sleepy than place
bo-treated controls (SEASHORE and IVY, 1953). Persons doing exhausting work rated 
their effort as being significantly less strenuous, though total work output was in
creased (COSTILL et aI., 1978). Similarly, students treated with 150--200 mg caffeine 
rated themselves more alert and more active physically and noted an increased 
nervousness. The latter effect was dose related (GOLDSTEIN et aI., 1965 b). 

In more detailed studies on young women the same authors showed that the re
sponse to coffee experienced by the subjects was correlated with the amount of coffee 
used. Persons accustomed to heavy amounts of coffee reported more of the desirable 
stimulant and euphoric effects and less nervousness and irritability than light users or 
abstainers from coffee, who often reacted negatively to caffeine, complaining of 
nervousness and jitteriness (GOLDSTEIN et aI., 1969 a). Based on studies on different 
types of individuals, VON KLEBELSBERG and MOSTBECK (1963) stated that trophotro
pic persons treated with coffee believed their performance to be more positively in
fluenced than ergotropic subjects. In studies by ADLER et al. (1950) caffeine reduced 
negative symptoms, especially at a simulated altitude (18,000 ft). These studies show 
that the effect of caffeine and caffeine-containing beverages is not only dose and time 
dependent but also depends to a considerable extent on the initial value, which may 
be influenced by the caffeine consumption habits of the individuals tested. Anticipa
tion of caffeine effects may also play an important role. Moreover, the experiments 
by GOLDSTEIN et aI. (1969 a, b) on coffee users and abstainers provide evidence of tol
erance or habituation (see this Chap., Sect. B.lV). 

2. Attention, Concentration and Vigilance 

Attention and concentration are prerequisites for carrying out complicated tasks. 
Changes in these parameters will, therefore, influence the results of complex psy
chomotor tests. There are some studies in which an objective estimation of attention 
and vigilance, apart from other psychomotor parameters, has been aimed at. They 
yielded equivocal results. 

HAWK (1929) found that overdosage of caffeine (two to six cups) impaired the abil
ity of subjects to concentrate, (HAWK, 1929) while STANLEY and SCHLOSSBERG (1953) 
found that tea had only a detrimental (if any) effect on sustained attention. VON KLE-



Caffeine 373 

BELSBERG and MOSTBECK (1963) observed only an insignificant improvement of the 
Konzentrationsleistungstest (test of ability to concentrate) in non-fatigued sUbjects. 
LmNERT and HUBER (1966) reported better results when the Konzentrationsleistungs
test was performed as a speed test. Similarly, caffeine diminished lapses of attention 
in a prolonged complex test under boring conditions (BAKER and THEOLOGUS, 1972). 
In a vigilance test caffeine exhibited a positive effect only on those subjects who 
showed a decrement in performance under placebo (extroverts) but not on those who 
showed no such decrement (introverts) (KEISTER and McLAUGHLIN, 1972). 

Similar equivocal results have been obtained in studies in which the galvanic skin 
reaction, which is considered to reflect the affective arousal ofthe CNS (AMBROZI and 
BIRKMAYER, 1970), was measured. AMBROZI and BIRKMAYER (1970) noted a decrease 
of the reaction. SWITZER (1935 a, b) reported an increase in amplitude, a decrease of 
latency and a retardation of extinction. 

3. Fatigue and Sleep 

As mentioned in Sect. B.I, caffeine may dose dependently induce the feeling of alert
ness and stimulate attitude to work. When applied in sufficient amounts it reduces fa
tigue. Fatigue as a subjective feeling cannot be estimated quantitatively. Therefore 
flicker fusion frequency, which is considered an indicator of neural fatigue, has often 
been measured. It was found to be unaffected by caffeine at doses ranging from 200 
to 900 mg (ADLER et aI., 1950; AMBROZI and BIRKMAYER, 1970; LEHMANN and CSANK, 
1957). A positive result is reported by MUCHER and WENDT (1951). However, these 
experiments were not performed on exhausted persons. In fatigued persons an im
provement was noted by SEASHORE and IVY (1953). According to results by LANDGRE
BE (1960), healthy persons habituated to coffee showed an increase ofthe flicker fusion 
frequency, while persons with autonomic instability and unaccustomed to caffeine 
showed a decrease. 

The effect of tea on fatigue rating was only small (STANLEY and SCHLOSSBERG, 
1953). Caffeine ('" 250 mg) reduced the feeling of fatigue effectively in persons doing 
exhaustive work (FOLTZ et aI., 1942). Under the same amount of caffeine truck drivers 
judged themselves able to do their work for a longer time (SEASHORE and IVY, 1953); 
they even had trouble falling asleep. Students receiving coffee containing 150-200 mg 
caffeine 1 h before retiring also complained of delayed onset of sleep (GOLDSTEIN et 
aI., 1964, 1965a). In addition, those subjects who habitually drank coffee tended to 
report having slept less soundly after caffeine-containing than after decaffeinated cof
fee. Similar effects have been reported earlier by HAWK (1929); HOLLINGWORTH 
(1912) and MULLIN et aI. (1933 cit. according to LANDIS, 1958). 

More objective determinations (electroencephalogram, electro-oculogram, elec
tromyelogram etc.) of sleeping behaviour have been performed in recenf experiments. 
BIlEZINOVA (1974), KARACAN et aI. (1976) and NICHOLSON and STONE (1977), but not 
MULLER-LIMMROTH (1972), found a dose-dependent decrease of total sleeping time. 
The onset of sleep was significantly delayed in young men by one to four cups of coffee 
or an equivalent amount of caffeine (KARACAN et aI., 1976), and in middle-aged 
people by 300 mg caffeine (BREZINOVA, 1974). In contrast using 100-300 mg caffeine 
NICHOLSON and STONE (1977) found no change of sleep latency in their subjects. An 
increased number of awakenings have been reported by BREZINOVA (1974), KARACAN 
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Table 5. Changes of sleep parameters after coffee. (According to MULLER
LiMMROTH, 1972) 

Duration of sleep (min) Motor activity 
Stages Stage 

2 3 4 REM 

Placebo 56 166 92 134 4.5 3.6 
Decaffeinated coffee 61 183 83 132 17.9 6.0 
Coffee 70 191 75 116 28.0 6.0 

et al. (1976) and MULLER-LIMMROTH (1972). Interestingly, there is also objective ev
idence that a reduction of sleep quality is caused by caffeine. In MULLER-LIMMRorn's 
(1972) experiments, regular coffee reduced the duration of stages 3 and 4 sleep and 
enhanced stages 1 and 2. This effect was less pronounced with decaffeinated coffee. 
In the studies by KARACAN et al. (1976) decaffeinated coffee was without detrimental 
effect, but regular coffee and caffeine shifted stages 3 and 4 to the later portions of 
the night; it also increased stages 1 and 2 during the earlier phase. REM sleep was 
shifted from the third to the first portion of the night. The percentage of REM sleep 
was not decreased. This is in good argreement with earlier observations by BREZINOVA 
(1974) and NICHOLSON and STONE (1977). A disturbed soundness of sleep due to coffee 
also becomes apparent from an increasing motor activity (number and amplitude of 
movements) of sleeping persons (MULLER-LIMMROTH, 1972; SCHWERTZ and MAR
BACH, 1965). Insomnia has also been found to occur after cola drinks (SILVER, 1971). 
COLTON et al. (1968) reported that there is some indication that tolerance will develop: 
Only non-coffee drinkers reported disturbances in sleep patterns. 

As will be discussed later, the caffeine-induced diminution of boredom and the de
lay of fatigue and sleepiness undoubtedly playa central role in many of the beneficial 
effects of caffeine (Le. attentiveness, accuracy and psychomotor performance). 

II. Effects on Motor Performance 

1. Total Work Output 

A broad discussion of the effects of caffeine on human physical performance is beyond 
the scope of this review, since working capacity is not solely dependent on psycholog
ical functions but to a large degree also on metabolic conditions and other factors (e.g. 
mobilization and availability of substrates for skeletal muscle, cardiovascular func
tion etc.) that may be greatly influenced by caffeine (for review see EICHLER, 1976). 

Several authors have reported that working periods on ergometers were prolonged 
in subjects treated with coffee or caffeine (COSTILL et al., 1978; FOLTZ et a1., 1942; 
KOLEY et a1., 1973; SCHIRLITZ, 1930) and that even if working became less economical 
(SCHIRLITZ, 1929) the total work done was increased (KOLEY et al., 1973; SCHIRLITZ, 
1929). In addition, caffeine shortened the recovery from exhaustive work (KOLEY et 
al., 1973) and significantly enhanced the working capacity in a second period of work 
that had to be done following a short rest after a first period of exhausting work 
(FOLTZ et al., 1942). For more extensive discussion of this type of studies see EICHLER 
(1976) and WEISS and LATIES (1962). 
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2. Tapping 

The maximum frequency of tapping a key with one finger is often determined in order 
to estimate the maximum speed of voluntary motor discharge. Among others this test 
is sensitive to emotional tension and, if performed over a prolonged period, also to 
muscular fatigue. The results range from 5%-10% decrease after coffee (GILLILAND 
and NELSON, 1939), through no effect (ADLER et aI., 1950; DAHME et aI., 1972; FLORY 
and GILBERT, 1943; VON KLEBELSBERG and MOSTBECK, 1963) to increase (CLUBLEY et 
aI., 1977; LEHMANN and CSANK, 1957; THORNTON et aI., 1939; WENZEL and RUTLEDGE, 
1962). A correlation of the effect to the drug dose applied or the state of the individual 
tested is not apparent from these studies. 

3. Hand Steadiness, Motor Skill and Accuracy 

Special types of motor performance requiring motor skill and accuracy, such as needle 
threading (DUREMAN, 1962), hitting a small target with a stylus (HORST et aI., 1934a) 
or handwriting (SEYFFERT, 1954), may be impaired by caffeine under some conditions. 
In a more complicated test requiring acquired greater skill the rapidity of movements 
was facilitated, but precision was impaired (HORST et aI., 1934b). Unexpectedly the 
deteriorating effects on writing and threading became manifest only 5-6 h after the 
ingestion of caffeine, while shortly after the coffee ingestion writing was improved 
(more clear and energetic). This is in line with the observations by HORsTet aI. (1934 b) 
that impaired performance in the target test was preceded by a transient improvement. 
Accordingly, GOLDSTEIN et aI. (1965b) did not observe a negative effect on co-ordi
nation in a simple task (following lines with a pencil) within 3 h after ingestion of cof
fee. 

The detrimental effects on motor performance can easily be ascribed to tremor and 
decreased hand steadiness and dexterity, which have been observed repeatedly in caf
feine-treated persons (FOLTZ et aI., 1942; FRANKS et aI., 1975; GILLILAND and NELSON, 
1939; HULL, 1935; LEHMANN and CSANK, 1957; SWITZER, 1935a; THORNTON et aI., 
1939; for review see CALHOUN, 1971). The negative effects on motor performance, 
especially those an hand steadiness, though strictly speaking not psychotropic in na
ture, may affect in various ways the results of psychomotor tests in which motor re
sponses are involved (e.g. tapping, typewriting etc.) and may mask positive effects and 
speed of reaction of similar parameters. 

III. Effects on Psychomotor Parameters 

1. Reaction Time 

Because of its simplicity reaction time is frequently tested despite a number of draw
backs that make definite assessment of the results difficult. Being a function of the 
sense modality stimulated reaction time varies widely with the complexity of the ex
perimental conditions. Good performance in such tests requires not only reaction 
speed but also attention, and under some conditions, discrimination of stimuli and 
motor accuracy. It is highly influenced by boredom and fatigue. 

Accordingly, the results of studies on the action of caffeine on reaction time vary 
greatly. No effect or only slight improvements were observed by DAHME et al. (1972), 
GILLILAND and NELSON (1939), VON KLEBELSBERG and MOSTBECK (1963), SEASHORE 
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and IVY (1953) and THORNTON et ai. (1939), who used low or medium amounts ofcof
fee or caffeine, but also by LEHMANN and CSANK (1957) with high doses (600-900 mg). 
On the other hand, in experiments by CLUBLEY et ai. (1977) as little as 75-100 mg caf
feine reduced auditory reaction time. CHENEY (1935) found the effect to be dose de
pendent: less than 3 mg/kg were ineffective, more than 5 mg/kg caused a reduction of 
visual reaction time lasting for more than 2 h. The same author obtained better effects 
on reaction time and accuracy of response with caffeine than with coffee, except dur
ing the first half hour when coffee was more effective (CHENEY, 1936). A very rapid 
onset of an improvement of auditory and visual reaction times in persons who had 
drunk tea or coffee was also noticed by KNOWLES (1963) and by STANLEY and 
SCHLOSSBERG (1953). This led to the suggestion that conditioning to tea or coffee may 
be involved in this effect. This view is supported by the facts that decaffeinated coffee 
acted like regular coffee and that the effect of coffee faded away within 60 min 
(KNOWLES, 1963). The drug effect may also be dependent on the initial value. Data 
from CARPENTER (1959) suggest that caffeine is effective when the potential for im
provement is great, e.g. when the reaction time was lengthened by ethanol (CAR
PENTER, 1959; FRANKS et aI., 1975). Accordingly, ADLER et ai. (1950) found caffeine 
to prevent deterioration of choice reaction time at simulated altitude, and REICHARD 
and ELDER (1977) detected an enhanced number of correct responses in a choice reac
tion test in hyperkinetic, but not in normal, children. 

Habituation and tolerance towards caffeine also modifies the results. In persons 
habituated to caffeine, reaction and discrimination times were found to be enhanced. 
They decreased when the ingestion of coffee or tea was discontinued. In subjects tol
erant to caffeine, caffeine shortened their reaction time, while in persons abstaining 
from caffeine for more than 2 months, reaction time was increased by small doses of 
caffeine (EDDY and DOWNS, 1928). In the light of this the prolongation of reaction 
time after caffeine observed by HAWK (1929) or SCIDLLING (1921) is not inexplicable. 
Unexplained are, however, the results of WENZEL and RUTLEDGE (1962). In this study 
the visual reaction time was shortened and complex reaction time was lengthened in 
a manner inversely related to the dose of caffeine applied (100-300 mg). 

2. Simple Tasks (Cancellations, Calculations, Reading etc.) 

Simple additions have long been used for estimating the effects of psychotropic drugs. 
The results obtained with caffeine by WEDEMEYER (1919) were inconsistent. MAIER 
(1922) observed an increase of the number of additions performed and a decrease of 
the errors made. Caffeine-containing and decaffeinated coffee were equally effective; 
thus the results are dubious. Conversely, a loss of accuracy was reported by HAWK 
(1929). BACHRACH (1966) found no effect of '" 130 mg caffeine on adding, whereas 
GILLILAND and NELSON (1939) and NASH (1962 a) reported that additions were facili
tated by coffee or caffeine. Tea had the same effect, the optimum amount correspond
ing to 300 mg caffeine (PAULI, 1927). PRiiu (1965) (cit. LUFF, 1965) found that caf
feine increases the amount of calculations but also enhances the fluctuation of the per
formance. GRAF (1961) noted the positive effect to be dose dependent and to be maxi
mal at 0.2 g. In a very remarkable study BARMACK (1940) showed that", 130 mg caf
feine had no effect during the initial 15-min period of adding, but that it increased the 
rate of adding towards the latter part of a 2-h session, when given 1-3 h before the 
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trial. Based on these results he put forward the hypothesis that caffeine acts in the first 
place by adjusting alertness if boredom develops and, thus, its effect becomes manifest 
mainly when conditions for the maintenance of alertness are not favourable. Up to 
now this hypothesis has not been refuted. 

In another simple task (crossing out certain letters from a given text, i.e. a cancel
lation test) the performance was improved by '" 200 mg (ADLER et aI., 1950) and im
paired by 600-900 mg caffeine (LEHMANN and CSANK, 1957). 

Simple verbal tests such as reading speed, reading comprehension or verbal 
fluency were not significantly affected by up to 300 mg caffeine (BACHRACH, 1966; 
FLORY and GILBERT, 1943; FRANKS et aI., 1975). 

3. Complex Psychomotor Tests (Typewriting, Pursuit Motor Tasks etc.) 

The first investigator using a complex psychomotor test for studying the effects of caf
feine was HOLLINGWORTH (1912). In experiments on typewriting he showed that writ
ing speed was enhanced by low doses ( '" 65-200 mg) and diminished by high doses 
('" 260-390 mg) of caffeine. The number of errors was slightly reduced. HOLCK (1933), 
testing the effect of caffeine on playing chess, noticed that problems were solved faster 
and more accurately by persons treated with 100 mg caffeine. 

More recently, various pursuit motor tasks in which alertness, attention, reaction 
speed, motor skill and accuracy are simultaneously involved have been used. In ex
periments by DUREMAN (1962) simple code tracking was not affected by caffeine after 
3 and 6 h. On the other hand, STRASSER and MULLER-LIMMROTH (1971) noted that in 
a somewhat more complex task caffeine prevented the decrease of performance seen 
under placebo. Decaffeinated coffee was also effective, but less so than regular coffee. 
Investigators using different types of airplane simulators generally noticed an im
provement of performance by caffeine (ADLER et aI., 1950; HAUTY and PAYNE, 1955; 
SEASHORE and IVY, 1953). An improvement was also seen in simulated car driving: 
200-400 mg caffeine enhanced the response to signals, increased attention, inhibited 
response blocking and reduced the numbers of signals missed, especially when a mo
notonous situation was simulated (BAKER and THEOLOGus, 1972; REGINA and SMITH, 
1974). Caffeine also partially restored the performance impaired by ethanol (RUTEN
FRANZ and JANSEN, 1959). On the other hand, non-fatigued subjects treated with 
200 mg caffeine drove faster and made more errors (GRAF, 1957, 1961). In a similar 
test a tendency to drive faster was noticed in ergo tropic individuals, while trophotro
pic persons were slower but better co-ordinated (VON KLEBELSBERG and MOSTBECK, 
1963). Using the Kieler Determinationsgeriit and the Kugeltest, both of which measure 
visual motoric skill, DAHME et al. (1972) and SULC and PORADKOVA (1975) obtained 
positive results with 200 mg caffeine, while VON KLEBELSBERG and MOSTBECK (1963) 
found no effect with 100 mg caffeine. According to LUFF et al. (1964) the effect is bi
phasic, first increasing then decreasing performance. 

4. Learning, Memory and Other Intellectual Functions 

Learning, memory and intelligence are complex psychological functions that defy 
qualitative assessment. To circumvent this difficulty a variety of test batteries have 
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been developed and employed in studies with caffeine. Due to the different method
ological approaches a comparison of the results is hardly possible. Studying verbal as
sociations, ALLERS and FREUND (1925) had the impression that learning was facili
tated but that reproduction was impaired by strong coffee. CATELL (1930) likewise 
found the power of recall and associative performance to be reduced by a medium 
dose of caffeine (400 mg), whereas a lower dose (200 mg) enhanced the power of re
call. Young persons proved to be more susceptible to caffeine than older ones; men 
were more susceptible than women. Moderate amounts of coffee increased memory 
span (GILLILAND and NELSON, 1939), whereas very high doses of caffeine (600-
900 mg) did not show this effect (LEHMANN and CSANK, 1957). These doses, however, 
facilitated digit-symbol substitution, which reflects learning and visual motor efficien
cy (LEHMANN and CSANK, 1957). 

HULL (1935) noticed that persons treated with'" 160 mg caffeine and learning 
series of nonsense syllables showed an excess of anticipatory displacements. Their sub
jects required longer to memorize. Forming of associative bonds and writing down 
of verbal combinations was found to be facilitated by one cup of coffee (REIMAN, 
1934). However, tactile and acoustic associations were impaired by 200 mg caffeine 
(HRBECK et aI., 1971, 1973). NASH (1962 a, b) reported that caffeine (100 mg/m2 body 
surface) increased the spontaneity of associations, quickened the formation of 
thought and enhanced numerical speed, visual thinking and the recall of auditory in
formation. An increase of numerical reasoning together with inductive and spatial 
reasoning was also reported by LIENERT and HUBER (1966), while at the same time 
other sub-tests of the Intelligenzstrukturtest (i.e. general information, verbal compre
hension) were impaired by 300 mg caffeine. In other experiments the same dose of caf
feine was without effect on numerical reasoning (FRANKS et aI., 1975). Using a mul
tiple choice vocabulary test that measured speed of thinking, FLORY and GILBERT 
(1943) even noticed a possible loss of thinking ability in students given", 160 mg caf
feine. The discrepancy may be due to the state of the persons tested. In experiments 
by REVELLE et aI. (1976) extroverts solved more problems of a verbal ability test under 
time pressure than did introverts. 

IV. Habituation, Tolerance and Dependence 

Whether caffeine has to be considered a drug of abuse causing tolerance and depen
dence is not yet settled. This matter has been extensively discussed by GILBERT (1976). 
There is no doubt that many people throughout the world habitually consume caf
feine-containing beverages in moderate amounts. Excessive use of caffeine seems rare 
(CZOK, 1966, EICHLER, 1976). There are few reports on tolerance to caffeine; they deal 
mostly with somatic functions. For instance sleep disturbance by caffeine was report
ed less often in coffee drinkers than in abstainers (COLTON et aI., 1968). WEDEMEYER 
(1919) first reported a decline of enhanced psychomotor performance during the 
course of 4-5 weeks treatment with caffeine. According to EDDY and DOWNS (1928) 
habituation to caffeine-containing beverages appeared to lengthen reaction and dis
crimination times. At least discontinuance of coffee consumption shortened these pa
rameters. PRIMAVERA et aI. (1975) did not find significant differences in the personality 
structure of users and non-users of coffee, although the first group rated themselves 
more self-confident. 



Caffeine 379 

Withdrawal of caffeine may impair the performance of persons habituated to caf
feine and mayor may not cause mild withdrawal symptoms (DREISBACH and PFEIFFER, 
1943; GREDEN, 1974; REIMANN, 1967). FURLONG (1974 cit. according to GILBERT, 
1976) had difficulties in encouraging caffeine abstention among persons drinking 
more than five cups of caffeine-containing beverages a day. The withdrawal symp
toms have been investigated by GOLDSTEIN et aI. (1964, 1969a, b), giving coffee with 
or without added caffeine to heavy users of coffee and to non-users. While abstainers 
felt normal when given placebo, the users reported dysphoria, uneasiness, irritability, 
restlessness, nervousness and jitteriness; some felt less alert, lethargic or sleepy. These 
symptoms appeared 12-16 h after the last ingestion of coffee and were revealed and 
displaced by pleasant stimulation and contentedness when 150-300 mg caffeine were 
gIven. 

V. Conclusion 

The psychotropic effects of caffeine have been experienced by innumerable individu
als, and their existence is unanimously accepted by writers of textbooks and reviews. 
A great part of these effects can only be evaluated by self-rating of persons treated 
with caffeine. The number of well-controlled and excellently designed studies is in 
sharp contrast to the importance of caffeine as a commonly used psychostimulatory 
drug. Their results are by no means unequivocal or clear-cut. Nevertheless, they sub
stantiate the stimulatory effect on certain psychomotor functions, which becomes 
especially apparent when these functions are impaired by fatigue. In this way the ob
servations made by KRAEPELIN in 1892 have essentially been confirmed. There is some 
evidence that caffeine, like other euphoretics, causes a mild degree of habituation and 
tolerance, but this must still be proven in specially designed experiments. 

C. Animal Studies 
Parallel to human studies reviewed in Sect. B, experiments on animals have been per
formed in order to elucidate the psychopharmacological action of caffeine. Such stud
ies have the advantage that the experimental conditions can be better standardized 
and more clearly defined, but on the other hand the behavioural expressions of the 
most commonly used animals are very limited. Thus, findings cannot be easily trans
ferred to humans. The animal experiments centre on four items: motor activity, re
sponse rates, learning and memory and a few kinds of social behaviour. 

I. Motor Activity 

The motor activity of animals is determined using simple measures of sedation or ex
citation. There is general agreement that caffeine enhances running and exploratory 
activity of various animal species (BOISSIER and SIMON, 1967; DEWS, 1953; ESTLER, 
1973, 1979; HElM et aI., 1955, 1971; KNOLL, 1961; MENGE, 1961; NIESCHULTZ, 1967; 
WALDECK, 1975; for review see CALHOUN, 1971; EICHLER, 1976). Obviously this effect 
is dose dependent and biphasic: an increase of the activity is only observed within a 
certain dose range, higher doses are ineffective or even reduce the activity. However, 
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the doses yielding maximum response differ widely from investigation to investiga
tion. KNOLL (1961) noted a linear increase of activity with caffeine doses ranging from 
25 to 150 mg/kg in mice, whereas in experiments by DEWS (1953) or MENGE (1961) 
in the same species the activity was reduced by doses of 50 mg/kg or higher. The effect 
is also dependent on the state of the animals. According to GREENBLATT and 
OSTERBERG (1961 a, b), caffeine increased activity only in grouped mice and reduced 
the motility of isolated animals. This is in line with similar results of V ALZELLI and 
BERNASCONI (1973) who, moreover, showed that the effect also depends on the state 
of aggressiveness of the animals. KEHRHAHN (1973) demonstrated caffeine to be most 
effective during daytime. 

Furthermore, different types of motor performance were differently affected. Am
bulation was increased by doses of caffeine (5-10 mg/kg) that did not affect rearing 
and slightly decreased novelty preference (HuGHES and GREIG, 1976). MARRIOTT 
(1968) showed that caffeine (12-50 mg/kg) increased the activity of rats in a treadmill 
but not within a maze. Spontaneous alterations in a V-maze were found to be en
hanced in experiments by Cox (1970) and HUGHES and GREIG (1976). Running speed 
was measured and found to be increased by BARRY and MILLER (1965), MILLER and 
MILES (1935) and WANNER and BATTIG (1965). The effect was also dependent on the 
motivation state of the animals and especially pronounced in animals performing 
poorly because oflow drive (MILLER and MILES, 1935; WANNER and BATTIG, 1965). 

It may well be that immobilization of animals treated with high doses of caffeine 
is due to impaired motor co-ordination. Experiments in which co-ordination was mea
sured yielded no conclusive results: low doses of caffeine had no effect in an acute ex
periment (PLOTNIKOFF et aI., 1962), and an improvement was seen in a prolonged 
study (ESTLER et aI., 1978). A systematic investigation seems to be required to clarify 
this matter. 

There have been only a few experiments on long-term effects of caffeine. ESTLER 
et ai. (1978) and NEUMANN (1965) reported that the swimming endurance of mice was 
reduced by caffeine. TAINTER (1943) assumed that tolerance may develop to the hyper
kinetic effect of caffeine. According to BoYD et ai. (1965) the activity of rats is de
pressed during withdrawal of caffeine. 

II. Response Rates 

As noted in Sect. C.I, running performance of rats is enhanced by caffeine when they 
are motivated by a rewarding stimulus (BARRY and MILLER, 1965; MILLER and MILES, 
1935; WANNER and BATTIG, 1965). An increased response rate after caffeine was also 
observed in other experimental situations. SKINNER and HERON (1937) observed in
creased bar pressing for food in rats treated with 10 mg/kg caffeine. MEDEK et ai. 
(1971) found conditioned alimentary motor reactions to be improved by very low 
doses of caffeine (0.02-0.6 mg/kg). Increased response rates were also observed in rats 
by SOLYOM et ai. (1968) and in pigeons by BLOUGH (1957). MECHNER and LATRANYI 
(1963) studied the dose-response relations of caffeine. Similar to motor activity (see 
this Chap., Sect. C.I), operant behavior was improved by medium doses and impaired 
by high doses of caffeine. Similarly WAYNER et ai. (1976) demonstrated that schedu1e
dependent reactions (lever pressing, licking, water consumption) were inversely in
fluenced by low (3 mg/kg) and high (100 mg/kg) doses of caffeine. The positive effect 
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of the low dose was absent in undernourished animals. A tolerance to caffeine was 
also noted. STINNETTE and ISAAC (1975) showed that light and dark may also affect 
the operant behaviour. 

In experiments with a differential reinforcement of low rates schedule, the 
frequency of short inter-response times was greatly enhanced by caffeine doses rang
ing from 6 to 24 mg/kg; 48 mg/kg was uneffective (WEBB and LEVINE, 1978). A similar 
effect was observed by ANDO (1973). Shortened reaction times were reported by NIE
SCHULZ (1963) and by MATTHIES and ERDMANN (1957). In an unusual test NIESCHULZ 
(1963) found the distractibility of rats to be greatly increased by caffeine, and training 
effects were markedly reduced. 

An important observation is that caffeine increased the rate of self-stimulation in 
monkeys with electrodes implanted in the medium forebrain bundle (MALIS et aI., 
1960). This effect was noted even with a rather high dose (200 mg/kg) of caffeine that 
in other experiments usually depresses activity. 

ITI. Learning 
1. Discrimination 

A short review on the effects of caffeine on learning has been given by ESSMAN (1971). 
Learning of animals has often been studied by way of various types of mazes. Ear

ly experiments by LASHLEY (1917) and MACHT (1932) were not very conclusive. Coo
PER et aI. (1969) and CASTELLANO (1976) reported that learning of a discrimination 
task in a maze was facilitated by 1 mg/kg caffeine; higher doses were inhibitory. In 
similar experiments RAHMANN (1963) found 0.5 mg/kg to be the dose most effective 
in regard to learning, relearning and retention. Doses of 1-10 mg/kg impaired both 
parameters. In CASTELLANO'S (1976) experiments memory stabilization was improved 
when 1 mg/kg caffeine was given during the training period. The long-term store of 
memory was unaffected by 5 mg/kg caffeine citrate in mice (CRABBE and ALPERN, 
1973). Doses of 10 and more mg/kg caffeine disrupted the performance due to exci
tation and inco-ordination of the animals (CASTELLANO, 1976; STRIPLING and AL
PERN, 1974). On the other hand, 20-25 mg/kg caffeine was able to block the amnesia 
produced by inhibitors of protein synthesis (FLEXNER and FLEXNER, 1975; FLOOD et 
aI., 1978). Relearning of reinforced conditioned behaviour disrupted by throwing the 
animals into confusion and frustration was facilitated by caffeine (MATTHIES and 
ERDMANN, 1957). 

Visual discrimination was not affected by 2.5 mg/kg, facilitated by 5 mg/kg and 
impaired by 10 mg/kg caffeine (CASTELLANO, 1977). An acoustic discrimination task 
was affected in neither direction by 1-60 mg/kg caffeine (GELLER et aI., 1971). PARE 
(1961) studied the retention in rats trained on visual discrimination. The number of 
errors in the retention trials was reduced by 30 mg/kg caffeine, but only when the drug 
was given 5 s after the criterion was reached. When given after 2 min or later, caffeine 
was without effect. There is no reasonable explanation for this unique observation. 
Another kind of discrimination experiment was made by KULKARNI (1972). Rats had 
to discriminate two levers to avoid shock. In these experiments 25 mg/kg caffeine in
creased the correct and decreased the wrong lever response. Wrong responses in
creased with 100 mg/kg caffeine. The same inverse effects were observed with signal 
association. 
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2. Avoidance 

Conditioned avoidance or escape responses are other often studied parameters for 
learning and memory. BARRY and MILLER (1965) observed an increased running per
formance of rats in order to avoid electroshock. HEARST (1964) demonstrated that caf
feine (20 and 80 mg/kg) clearly increased the frequency of lever pressing on a given 
light signal to avoid shock. In addition, the animals learned better to discriminate light 
of different intensity. An increased responding in various shock avoidance schedules 
was also observed by CARPI et ai. (1974), DAVIS and KENSLER (1973), HUGHES and 
FORNEY, (1961), MORPURGO (1965), PLOTNIKOFF (1962), PLOTNIKOFF and FITZLOFF 
(1963) and TONINI and BABBINI (1961). On the other hand, OLIVERIO (1967) observed 
only very small effects. IZQUIERDO (1974), MARINO and CUOMO (1974) and SANSONE 
(1975) found no effects of various doses of caffeine on conditioning, deconditioning 
by reserpine and reconditioning after reserpine. Part of these discrepancies may be due 
to the fact that caffeine seems to act biphasically: increase or no effect with lower 
doses, decrease of performance with higher doses (BATTIG and GRANDJEAN, 1955; 
CASTELLANO et aI., 1973; NmscHULz, 1969). It is conceivable that doses impairing mo
tor performance also interfere with escape reactions. Species and strain differences al
so seem to be involved (SATINDER, 1971; CASTELLANO, 1977). As in discriminative be
haviour caffeine not only facilitates learning, but also improves retention, when given 
shortly before or immediately after training (RoUSSINOV and YONKOV, 1974, 1976). 

When rats were confronted with a conflict situation (motivation either to drink or 
to avoid shock), caffeine caused the animals to drink and accept shocks (HOROVITZ 
et aI., 1972). The authors' ascribe this effect to an antianxiety action of caffeine, but 
this explanation appears disputable. 

IV. Social Behaviour 

In an open field test caffeine increased the gregariousness of rats (CAPPELL and 
LATANE, 1969). However, the contacts between the animals were short lasting. On the 
other hand, caffeine in the same dose range reduced the huddling behaviour (Le., lying 
piled up into a heap) (GIURGEA and VAN KEMEULEN, 1974). Sexual activity was en
hanced; latencies for mounting and copulation were decreased (ZIMBARDO and BARRY, 
1958). Very high doses inhibited copulation and blocked the growth of population in 
rats (BOVET-NITTI and MESSERI, 1975). The reason may be an increased aggressiveness 
of caffeine-treated animals (CAPPELL and LATANE, 1969; BOVET-NITTI and MESSERI, 
1975). PETERS (1967) and PETERS and BOYD (1967) also observed an increased auto
aggression and automutilauon in rats. 

Some investigators found that caffeine or coffee reduced the uptake of food and 
water (ESTLER et aI., 1978, TAINTER, 1943) or weight gain (ESTLER et aI., 1978; STRU
BELT et aI., 1973). Increased water consumption occurred in rats chronically treated 
with caffeine (BoYD et aI., 1965). 

V. Conclusion 

The animal experiments essentially confirm the experiments on humans, but in gen
eral they do not allow conclusions that exceed those made from human studies. The 
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special advantages of animal experiments lie in the greater simplicity of the methodol
ogy, the greater ease of standardization and control and the possibility to perform si
multaneous investigations on concomitant changes in cerebral metabolism or 
neuronal function in order to gain insight into the basic mechanism of the psychotro
pic effects. Unfortunately, at present such studies, though numerous, have not yet 
reached a point, where well-founded conclusions can be drawn (for review see ESTLER, 

1976). 
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CHAPTER 18 

Research Methodology in Clinical Trials 
of Psychotropic Drugs 

H. HEIMANN and H. J. GAERTNER 

A. General Principles for the Clinical Investigation 
of Psychotropic Drugs 

I. Introduction 

Compared to the assessment of pharmacological effects on body functions, clinical 
testing of psychotropic drugs presents us with particular problems. The treatment ob
jective, namely to influence psychiatric syndromes, is on a higher level of complexity 
than the goals of other pharmacotherapy, e.g., reduction of blood pressure or regu
lation of blood sugar level. Psychiatric syndromes can only be defined descriptively 
and can be distinguished from the personality of the patient, who must be treated as 
a whole, only by means of rough schematization. Therefore, the first step in the clini
cal investigation of psychotropic drugs is to bring to mind the different levels on which 
psychiatric syndromes can be quantified and the corresponding methods which can 
be used for this purpose. 

The treatment targets, namely structures of the central nervous system and their 
conditions of functioning, are highly complex. Functional drug effects which have 
been experimentally demonstrated on certain animal brain structures cannot simply 
be transposed to human circumstances when the effect of the preparations is to be 
judged on the level of behavior and experience, i.e., the desired effects on man. Recent 
studies of the direct behavioral and experiential effects of psychotropic drugs on 
healthy volunteers using precise psychological methods show that these effects depend 
not only on the substance administered and on its dosage, but also on other factors 
which must be considered in the evaluation of a preparation. It is in this connection 
that the differences between the initial psychophysiological condition of healthy sub
jects and that of psychiatric patients must receive special consideration. Only under 
this aspect can the problem of the specificity of a psychotropic effect and its general
izability be discussed. For example, can psychiatric syndromes be reliably distin
guished at the symptom level? Does a certain psychotropic substance affect a partic
ular symptom or a certain group of symptoms, so that we can precisely delineate the 
specificity of this psychotropic effect? Or can the psychotropic effect of a drug only 
be vaguely differentiated from a nonspecific placebo effect? In contrast to other fields 
of pharmacology, the main and side effects of psychotropic agents cannot always be 
clearly discriminated. 

After a thorough consideration of the special problems posed by the testing of psy
chiatric drugs on patients, we discuss the currently accepted strategy of clinical testing. 

In a third section, we give critical attention to a number of factors responsible for 
the fact that precise differences in effect between various psychotropic drugs can only 
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be reliably proven on a very gross level. Certain factors, whose investigation must re
main the subject of further research, prevent the precise determination and reliable, 
differentiated proof of these differences. 

n. Methods for the Assessment of Psychiatric Disorders 

At present, psychiatric syndromes can in principle be measured at five different levels. 
1. Level of diagnosis (diagnostic entities) 
2. Syndrome level (nosological nonspecificity) 
3. Level of single symptoms or characteristics (nosological and syndrome nonspe

cificity) 
4. Level of psychophysiological reactivity 
5. Level of clinical-biochemical methods of investigation. 

These different levels of measurement must be considered in clinical trials, al
though their specific meaning for the effects of psychotropic substances is presently 
unclear. They playa particular role in the discussion of homogeneity oj sample popu
lations. For example, it is not sufficient to characterize the subjects of a test on the 
diagnostic level alone. It has been shown that the effects of psychotropic medication 
do not restrict themselves to nosological categories. Nevertheless, it is necessary to 
specify the patients in a testing sample diagnostically. For this purpose, it has become 
customary to use the WHO classification (ICD) (DEGKWITZ et aI., 1980). For partic
ular research purposes, the diagnostic criteria of FEIGHNER et al. (1972) have proved 
useful. 

Of particular importance for the characterization of a test sample is the syndrome 
level. Psychiatric syndromes can be defined in various ways. One can employ the clas
sical clinical-descriptive method and specify a syndrome diagnosis in addition to the 
nosological diagnosis. For example: endogenous depression, agitated or inhibited 
syndrome. More often, syndromes are determined by Jactor analysis as a means of sec
ondary quantification of behavior characteristics. Pathological behavior is described 
and quantified for single characteristics using rating scales. Syndromes are then vali
dated on large samples of psychiatric patients by means of factor analysis. Examples 
of such rating scales are those ofLoRR (1963), OVERALL and GORHAM (1962), or WIT
TENBORN (1955). For the description of depressive syndromes, HAMILTON'S (1960) 
scale is most often used. A summary of the most frequently used scales for the descrip
tion of samples on the syndrome or symptom level can be found in CIPS (1977). 

Symptom measurement in the classical clinical sense is the basis of the AMP system 
(ANGST et aI., 1969). In contrast to the rating scales already mentioned, this system 
is based on the precise definition of traditional psychiatric symptoms and arranges 
them according to clinical aspects. Factor analysis has also been used to define syn
dromes in the AMP system. These essentially correspond to the well-known psychiat
ric-clinical syndromes (compare BAUMANN, 1974; PmTzcKER et aI., 1977; SULz-BLUME 
et aI., 1979). 

These first three levels in the clinical assessment of psychiatric syndromes make 
it clear that any quantification necessary for the analysis of a therapeutic effect is 
based on an abstraction. At the root of the measurement lies the relationship of the 
observer to the patient and the description of the patient's observed behavior or mood 
within this context. Only secondarily, by means of consensual definition, can units of 
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description, characteristics, or symptoms be delineated and tabulated as items on pre
determined scales. The numerical values in these scales, which are essentially quanti
tative statements about psychiatric phenomena, have at most a nominal or ordinal 
scale niveau. However, a particular position on such a scale always signifies a complex 
measure and can refer to very different things. For instance, the same score on the 
Hamilton scale can represent predominantly somatic complaints in one depressive 
patient, while for another patient it can signify more psychic symptoms of depression. 
For this reason, quantitative values on these three clinical-descriptive levels of assess
ment are complex entities based on a myriad of interdependent circumstances. 

The fourth level of measurement for psychiatric syndromes, psychophysiological 
reactivity, has gained importance in recent years. Technical developments have made 
it possible to monitor physiological parameters in psychiatric patients as a matter of 
routine. In particular, the quantification of the electorencephalogramm has led to 
progress in discriminating between the effects of psychotropic medication on patients 
and on healthy volunteers (see BENTE, et aI. 1976, BENTE, 1977; ITIL, 1974; SALETU, 
1976). Not only the electroencephalogram at rest, but especially the investigation of 
electric brain potentials produced in response to certain sensory events make the psy
chophysiological differentiation between psychiatric syndromes possible today. 
Measures of psychophysiological reactivity include evoked potentials, in particular 
their latter segments (see SUTION and TUETING, 1978), the expectancy wave or CNV 
(see TIMSIT-BERTHIER, 1973; HEIMAN, 1979; GIEDKE et aI., 1980), and numerous as
pects of peripheral autonomic variables (heart rate, blood pressure, pulse amplitude, 
etc.) under certain conditions of stimulation (see review by LADER, 1975). On this psy
chophysiologicallevel, the results of very complex processes are measured. However, 
the measurements yield clear quantitative values with interval scale niveau. For cer
tain psychiatric syndromes, e.g., depression, schizophrenia, or neurosis, differences in 
psychophysiological reactivity can be specified. 

These same characteristics apply to the level of clinical-biochemical assessment, 
which has attained particular importance in recent decades. Of primary significance 
is the exact determination of monoamine metabolites in liquor, plasma and urine. This 
allows identification of subgroups of psychiatric syndromes, for instance in depressive 
patients. An example of this methodology can be found in the studies by VAN PRAAG 
(1974, 1977) on serotonin metabolism in the brain. He assayed 5-HIAA (5-Hy
droxyindolacetic acid) in the liquor of depressive patients before and after probenizid 
administration. Other examples are studies by SCHILDKRAUT et aI. (1978), MAAS 
(1975), and GOODWIN and POTTER (1979) on the noradrenaline metabolite MHPG (3-
Methoxy-4-hydroxyphenylglycol) in urine and cerebrospinal fluid. Recently, studies 
on the stimulation of hypothalamic system using neurohormones have allowed anal
ysis ofthe reactivity of such structures (MATUSSEK, 1978; SACHAR et aI., 1971; LANGER 
et aI., 1976; LAAKMANN, 1979). 

Studies on the metabolism of the neurotransmitters noradrenaline and serotonin 
have yielded some clues to the classification of depressive disorders and the prediction 
of drug response. Concerning the clinical significance of blunted growth hormone re
sponse, blunted thyroid-stimulating hormone response, altered dexamethasone sup
pression test, increased cortisone exrection, etc., a lively dispute is still in progress. 
This is also the case for findings pertinent to those enzymes involved in neurotrans
mitter metabolism (monoamino oxidase, catechol-O-methyltransferase, dopamine-fJ-
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hydroxylase). The diagnostic and therapeutic significance of increased endorphin con
centrations in the liquor of schizophrenic patients is also currently unclarified 
(TERENIUS and WAHLSTROM, 1979). The frequently inadequate psychopathological 
monitoring of patients under investigation has certainly contributed to the difficulties 
of interpreting these biochemical findings. The best understanding of biochemical pa
rameters has been achieved for patients with bipolar depression, a disorder which also 
exhibits as well-defined course. 

Recent studies (COURSEY et aI., 1979; KNORRING et aI., 1980) indicate that the si
multaneous monitoring of biochemical and psychophysiological parameters is more 
likely to produce clinically relevant results than are isolated measurements on either 
level. 

Notwithstanding the importance of progress on both biological levels, the psycho
physiological and the biochemical, it must not be forgotten that the decisive criterion 
for the therapeutic efficacy of a psychotropic substance is clinical judgment, with all 
its imperfections and problems of satisfactory quantification. This short review of the 
assessment of psychiatric syndromes using currently available scientific methods 
makes it clear that we cannot expect to find simple 1: 1 correspondence between the 
different levels of measurement, particularly in the comparison of the clinical-descrip
tive and the biological levels. 

Ill. Factors Influencing the Effect of Psychotropic Substances 

As behavior and experience are always the results of very different factors, and as psy
chopathological behavior patterns as discussed in Section 2 must be regarded as the 
common end stretch in the course of complex conditional relationships, the psycho
tropic effect of a drug is not determined by chemical structure and dosage alone. Ad
ditional factors can also modify this effect. Of these, the influence of personality struc
ture and of situation, or of certain attitudes of expectancy, have been best investigated 
to date. A third factor to be considered is the general initial state of the central nervous 
system in psychiatric patients, who exhibit increased or decreased levels of activation. 

Questionnaires allow personality types to be objectified, e.g., extroverted or in
troverted personalities, high (unstable) or low (stable) neuroticism scores. Instruments 
for the diagnosis of these four personality types within the normal range are the FPI 
(FAHRENBERG et aI., 1973), the 16 PF by CATTELL (1956), or the EPI by Eysenck (EG
GERT, 1973). 

Studies proving the differential influence of personality on the effect of psychotro
pic drugs deal primarily with sedatives, anxiolytics, and minor tranquilizers (see JAN
KE et aI., 1979; HEIMANN, 1976). For example, minor tranquilizers improve perfor
mance in subjects with high neuroticism scores, whereas stable subjects exhibit a per
formance impairment on psychometric tests. Similarly, the condition of unstable sub
jects is improved by these drugs, whereas stable subjects experience the minor tran
quilizers as unpleasant. Sedatives shift introverted subjects in the direction of ex
troversion, whereas stimulants cause extroverted subjects to move in the direction of 
introversion (EYSENCK, 1960). We have shown that this drug postulate cannot always 
be replicated (HEIMANN and STRAUBE, 1979). 

Situational influences can also be demonstrated by employing suitable methods. 
JANKE and GLATHE (1964), for instance, have investigated the influence of perfor-
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mance demands on the effects of minor tranquilizers and neuroleptics. They found that 
these preparations atypically do not produce emotionally stabilizing effects under 
conditions in which great demands are placed on the subjects. On the contrary, they 
sometimes even have an activating and mood-worsening effect. Emotionally stressful 
conditions of investigation, e.g., noise, influence the psychotropic effect, according to 
JANKE, W. and JANKE, A. (1961, unpublished work), in the following manner: under 
noise-free conditions, the sensibility of test subjects is shifted in the direction of an
hedonia; under noise conditions, however, these negative displacements occur only in
frequently and sometimes even displacements in the direction of positive mood are 
found. 

Of particular significance are the situational effects of the communicative relation
ship, e.g., the attitude ofthe physician toward the medication he prescribes, as shown 
by SARWER-FoNER and KERENYI (1961), MAY (1976), DANCKWARDT (1978), and Ru
GER (1979). Minor tranquilizers had a more definite anxiolytic effect on patients with 
anxiety syndromes when the physician had a positive attitude toward the prescription 
of such medications. The effect was weaker when he held the drug to be ineffective. 
In the context of an experiment on sensory physiology, REED and WITT (1968) were 
even able to induce or suppress the effects of LSD in two subjects under placebo con
ditions. 

It is characteristic for all of these studies that replication often yields contradictory 
results. In our opinion, this is caused by the subject's initial state. Most ofthese inves
tigations were conducted on healthy volunteers who were at most on the border to pa
thology. The observed effects were relatively weak. For strongly effective substances 
such as neuroleptics in larger doses or narcotics, a differential effect could not be prov
ed. Therefore, in a differential study both the strength of the psychotropic action and 
the initial condition of the subject's central nervous system must be taken into consid
eration (HEIMANN, 1976). 

The clinical observation that healthy subjects only tolerate hallucinogens, 
neuroleptics, antidepressants, and tranquilizers in relatively small doses, whereas the 
psychiatric patient can tolerate doses many times as large, characterizes the altered 
initial psychophysiological reactivity of patients' central nervous systems. For ex
ample, a single dose of 75 mg imipramine leads to strong autonomic distress or even 
vomiting in healthy subjects , whereas depressives tolerate three times the amount 
without the appearance of considerable autonomic side effects. Even more marked is 
the difference in tolerable dosage of neuroleptics. Our healthy subjects, for instance, 
exhibit considerable performance decrements in all psychomotoric tests and strong 
dysphoric sedation effects after administration of 10 mg of c1ozapine. The average 
dose of c10zapine for the treatment of schizophrenics is ca. 400 mg. Even for minor 
tranquilizers a similar relation can be observed. As little as 5 mg of diazepam leads 
to unpleasant sedative effects in healthy subjects, whereas anxious patients need many 
times that amount for the alleviation of distress. 

We have attempted to explain the differences in initial state between healthy sub
jects and psychiatric patients within the framework of the general theory of arousal 
(see LEGEWIE, 1968; HEIMANN, 1975). In this connection, it must be remembered, how
ever, that from a psychophysiological point of view psychiatric patients (schizophren
ics and depressives) are not merely displaced in a certain direction, i.e., overaroused 
or underaroused. These patients suffer from a restriction in their adaptive ability to 
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modulate psychophysiological systems. We were able to verify this hypothesis by 
showing that stronger intercorrelations exist between different psychophysiological 
systems in depressives than in healthy controls (HEIMANN, 1979; GIEDKE et aI., 1980; 
GILLIN et aI., 1979). This also applies to the orienting response in schizophrenics with 
respect to skin resistance amplitude and the pupillary light reaction (STRAUBE, 1980). 
Thus, it appears that the condition of psychiatric patients before treatment can be 
characterized not only by a shift in tonic arousal but also by a reduction in degrees 
of freedom in the various psychophysiological systems (autonomic variables on the peri
phery, evoked potentials, expectancy wave, etc.) under stimulation conditions. These 
systems exhibit greater cohesion in psychiatric patients than in healthy subjects under 
comparable conditions. 

IV. Specificity of Psychotropic Effects 

The preceding discussion makes it clear that hardly any general statements can be 
made about pharmacological effects on psychic disturbances. The clinical classifica
tion of psychotropic drugs is therefore merely a coarse schematization, although it has 
proved ot be relatively useful in practice. There is extensive overlapping between the 
different groups of psychotropic substances with regard to indication. Furthermore, 
under certain external circumstances we invariably find numerous deviations from the 
intended effect. The naive notion that psychic disorders can be nosologically or patho
physiologically discriminated in a manner similar to somatic diseases or that the psy
chophysiological basis of a syndrome with relatively constant overt appearance is al
ways the same must be rejected. This also applies to the idea that a substance which 
affects a certain neurotransmitter system must produce the same effects in every case 
and at all times on the level of behavior and experience. 

It is quite probable that a drug's direct effect on cerebral structures and functions 
merely sets certain processes in motion which in tum combine with the reactions of 
the organism to these external influences. This combination is then responsible for ob
served effects in the area of behavior and experience. That means that what we can 
observe in the patient is the result of a directly pharmacologically induced psychic syn
drome which enters into interaction with psychophysiological conditions of the psychiat
ric syndrome and, in the most propitious case, leads to alleviation or to disappearance 
of the latter. This conveys the complexity of psychotropic action and must be consid
ered when one regards the numerous, partially contradictory, partially very unsatis
factory results of clinical trials with psychotropic substances. 

For the sake of simplicity it has become customary to neglect these complex rela
tionships involved in the psychotropic effect. One speaks of "antipsychotic action" or 
of "antidepressive" and "anxiolytic action," although these simple terms conceal great 
complexity. Thus, a strategy for the clinical investigation of psychotropic drugs can 
only be understood in analogy to other clinical-pharmacological investigations with 
patients, and must not neglect the special conditions of psychic syndromes, their as
sessment and influence, as well as the complexity of the psychotropic effects of medi
cation. 

Nothing demonstrates the consequences of inadmissable simplification more 
clearly than placebo research. The idea that so-called placebo reactors, i.e., subjects 
with certain personality characteristics who regularly react to placebos with psychic 
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effects, could be identified by employing psychometric methods has proved to be false. 
According to FISHER (1967) and SHAPIRO (1968), anyone can exhibit reactions to 
placebos under certain external or internal situational conditions, either with psychic 
symptoms or with abatement of existing disturbances. The placebo rate for depressive 
syndromes is ca. 30%. For anxiety neurosis it is certainly higher, whereas for acute 
schizophrenia, obsessive neurosis, and serious psychic disorders in connection with 
organic brain defects it is considerably lower. The placebo effect is therefore dependent 
on the severity of the general psychic disorder. For instance, a psychotic disintegration 
of personality can hardly be influenced by placebo in the way that light anxiety 
neurotic complaints can. On the other hand, as we have seen, the magnitude of a com
pound's psychic action is inversely proportional to the significance of the nonspecific 
factors of personality and situation. A highly effective neuroleptic at a high dosage, 
for instance, leads to similar effects in different personality types, whereas a minor 
tranquilizer with mild, sedative effect produces differing results. 

For this reason, in the field of psychotropic drugs no unambiguous definition for 
the specificity of effect can be given. Only the general direction relative to other types 
of effects can be determined. Thus, for psychiatric syndromes of modest to interme
diate severity, the placebo control is indispensable in order to objectify a psychotropic, 
therapeutically relevant effect. Only nonspecific, but nonetheless generalizable effects 
are exhibited by placebo; the effects of psychotropic substances can be more clearly 
speciefied, always in comparison to placebo, only when the psychic syndromes to be 
influenced can be reliably discriminated. The specificity of a psychotropic effect is 
therefore a relative term and exists as it were in contradiction to generalizability. Spec
ificity can only be determined in comparison to the placebo effect and with reference 
to clearly defined test populations. This must be kept in mind for the strategy of clini
cal investigation. 

B. Strategy of Clinical Investigation 

I. Introduction 

The problem of preclinical screening on animals as a means of arriving at hypotheses 
on clinical psychiatric effects or side effects cannot be treated here (see ZBINDEN, 

1976). The responsibility for the treatment of psychiatric patients with an investiga
tional drug resides with the physician conducting the investigation. He must be pro
vided with the complete results of all pharmacological and toxicological studies on the 
drug being evaluated. In his role as partner to the clinical investigation, a competent 
pharmacologist must summarize the obtained results and discuss them with the inves
tigator, who must provide reasons and assume responsibility for a therapeutic experi
ment with patients or a pharmacological investigation involving normal volunteers. 

It has become customary that this rationale must also be presented to an ethics 
committee. Furthermore, there are legal provisions to be adhered to in different coun
tries before proceeding from animal pharmacology to clinical pharmacology with hu
mans. 

Clinical investigations are executed in three phases. These are not always uniform
ly defined, but in principle they begin with the study of pharmacokinetics and phar
macodynamics (as a rule on healthy subjects and perhaps on patients) and proceed 
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to the actual clinical trials on patient samples in open and in controlled form. Exten
sive instructions for clinical investigations can be found in WIITENBORN (1977) and 
in LEVINE (1979). 

II. Phase I 

1. Pharmacokinetics 

Using clinical-pharmacological methods, absorption, distribution, half-life, metabo
lism, and excretion of a drug must be studied in human subjects (usually volunteers, 
more seldom patients). Currently the emphasis in these investigations lies on the tech
nical-pharmacological side. It is of great importance, however, that even during the 
earliest clinical-pharmacological studies, the psychic effects observed in subjects or 
patients be carefully registered and documented. They may possibly contain clues to 
subsequent clinical indication. 

The effective dosage can be determined by means of increasing single doses or mul
tiple doses. Especially in the case of repeated administration, careful laboratory con
trols of the hemopoietic system and liver functions are indispensible. Today it is gen
erally necessary to develop sensitive assay techniques for a new compound in order 
to make blood level controls possible. 

2. Pharmacodynamics 

The investigation in Phase I concerns psychotropic drugs whose effects at the level of 
objectively observable and subjective behavior of humans can only be predicted 
within limits based on preclinical screening. For this reason, the exact observation and 
documentation of subjects on the behavior and the subjective level is essential. 

Whereas relatively small subject samples are sufficient for pharmacokinetic studies 
and the investigation of the metabolism of new drug, it is problematic to test such 
small numbers of subjects repeatedly with different substances in order to determine 
psychic effects. Expectations can lead to observable effects despite placebo controls; 
earlier experiences with a certain class of drugs can distort results. For precise details 
on the psychic effects of a psychotropic substance, for example in the areas of subjec
tive condition, psychomotor performance, cognitive disturbance, memory functions, 
or vigilance, larger samples of healthy volunteers are necessary (20-30 subjects). The 
psychotropic effects as compared to placebo are verified and measured quantitatively 
on these subjects using differentiated psychometric techniques. The study design can 
call for a single dose or multiple doses in a group comparison with placebo. If the se
quence of administration of medication at different dosage levels and of placebo is 
suitably balanced, an intraindividual comparison of effects is also possible. The ad
vantage of an intraindividual comparison is based on lower interindividual variance. 
Such a crossover design with a balanced time factor treatment sequence is only ad
equate in this very early phase involving healthy subjects, but does offer differentiated 
effect profiles for different substance categories (see HEIMANN, 1974; JANKE, 1965). 
For certain questions it is even useful to resort to a very small group of subjects (i.e., 
10-20) and to select tests which can be repeated frequently in order to reduce the effect 
of the situational factor (i.e., inner motivation; see HEIMANN and STRAUBE, 1979). 
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III. Phase II 

In this phase, a new drug is to be tested with reference to its possible indications, clini
cally effective dosage and dosage range, the latency of onset, duration of effect, and 
side effects. Early in Phase II, these goals dictate that a substance must be tested in 
an open experiment with increasing doses and under careful control of effects and side 
effects as well as laboratory controls on a nonhomogenous patient population. For 
ethical reasons, children, aged patients, women who may become pregnant, and 
patients with other organic illnesses are excluded here. This early stage of Phase II is 
of decisive importance for the discovery of new types of psychotropic effects. It 
requires particularly broad clinical experience in association with and treatment of 
psychiatric patients as well as extensive experience in the investigation of psychotropic 
drugs. In this phase, important observations were made by experienced clinicians dur
ing the period of explosive development in psychopharmacology. 

Today, investigation is aimed at determining finer differences in effect and espe
cially at discovering drugs with less disturbing side effects, as the field of treatment 
is already populated by numerous effective but not always satisfactory preparations. 
In this context, the investigator's clincial experience assumes an even more important 
role. His observations of the first patients tested yield hypotheses on the psychotropic 
effect of a substance. These are subsequently the targets of critical testing. Therefore, 
it is essential that a new agent be tested by several very experienced investigators in this 
early part of Phase II, and that their observations be painstakingly recorded. In ad
dition to rating scales for the evaluation of psychic effects by the physician, it is also 
always necessary, in our opinion, to include the observation of personnel (free descrip
tion and/or, for example, the NOSIE scale; HONIGFELD et aI., 1976). 

For the patient, the primary risk lies in the possibility that the investigational drug 
could be ineffective or less effective than standard medication. After receiving a full 
explanation of the investigation he must give his informed consent in written from. 
In this early planning stage, it is important to keep in mind that a maximum amount 
of information should be extracted from each treatment trial. This means that in ad
dition to clinical observation and documentation, suitable measures should be re
corded at all three clinical levels and, if possible, on both biological levels of assess
ment for psychic syndromes. 

If first observations involving psychiatric patients concerning the effectiveness of 
a drug have yielded hypotheses pointing to a certain type of indication, appropriate 
methods must be selected to test them. Whereas nonhomogenous samples of psychi
atric syndromes were advantageous for the discovery of new treatment hypotheses 
early in Phase II, at this point the focus must be shifted to homogenization of sample 
populations for double-blind tests. In general, it is necessary for the investigator to be
gin with open tests in order to convince himself of the efficacy of a drug and of its 
appropriate dosage range. 

In double-blind tests the diagnoses, syndromes, and symptoms of the hospitalized 
patients must be documented with particular care. Random assignment of the test prep
aration and placebo or reference drug is indispensable. The key to this assignment may 
only be provided after completion of the clinical trial. This is particularly important, 
as such information, when accessible during an investigation, can influence sub
sequent judgment. The appropriate size of experimental groups for antidepressants 



400 H. HEIMANN and H.1. GAERTNER 

and anxiolytics is at least 30-50 patients; for neuroleptics 60-80. An exact description 
of the sample must be recorded before starting the experiment in order to facilitate 
the reliable interpretation of results. This documentation cannot be restricted to the 
momentary psychiatric diagnosis at commencement of treatment alone, but rather 
must include the previous case histories and treatment. A washout period of at least 
8-10 days, according to the pharmacokinetics of previous medication, must be pro
vided. Unfortunately, this washout period cannot always be observed under the con
ditions of practice in psychiatric clinics. If it is included, however, it often shows that 
a number of hospitalized patients, especially those with depressive syndromes, im
prove spontaneously to such an extent that they should not be included in the con
trolled double-blind experiment. 

Group comparison has proved superior to a cross over design within one patient 
group for investigations of psychotropic drugs, especially because of the spontaneous 
course of psychic syndromes and because of possible carry-over effects. 

Important is the control of serum levels, although experience regarding the rela
tionship of serum concentration to therapeutic efficacy is ambiguous. According to 
KRAG-S0RENSEN et al. (1976), the serum levels found after identical doses are so varied 
that unintended underdosage or possibly even overdosage may distort the results of 
a clinical trial (see also SJOQVlST, 1979). This is especially true when a fixed dose is ad
ministered, and for a double-blind test a fixed dose is more expedient than varying 
dosage within a prescribed range. As a compromise, a double-blind study can begin 
with a fixed dose and, if the resulting effect is insufficient, follow up with a predeter
mined dosage increase. The control of serum levels is also useful for the judgment of 
compliance. COPPEN (1976) estimates that one-fifth of all psychiatric patients do not 
take the prescribed medications as instructed. This naturally depends on individual 
circumstances, particularly on the motivation and instruction of the staff. 

The principle elaborated above for the early stages of Phase II also apply to dou
ble-blind studies. Namely, side effect and laboratory controls must be executed with 
particular care. For the study of anxiolytics and minor tranquilizers a test duration 
of 2-4 weeks, for antidepressants 3-4 weeks, and for neuroleptics at least 4 weeks and 
preferably 6-8 weeks should be observed. 

A special problem is that of dropouts. They must be conscientiously documented. 
Records must include reasons for termination, which can be very rapid and complete 
recovery (possibly an effect independent of medication) or ineffectiveness of or intol
erance to a substance. 

The question of a placebo control in double-blind studies with psychiatric patients is 
particularly controversial. From a methodological point of view this control is neces
sary, as the comparison with a standard drug does not allow the conclusion of equal 
effectiveness when investigational substance and standard medication produce the 
same success rate. This point is illustrated in the following example. Depending on the 
size of the sample, when the placebo rate for depressive patients is 30%, the success 
rate ofa reference drug 70%, and that of the study drug 50%, the difference between 
standard drug and new drug can be statistically nonsignificant, while the standard 
drug and the placebo can exhibit a significant difference in effect. Because of factors 
(discussed in the first section) complicating the clinical investigation of psychotropic 
effects, such a type II error is particularly likely. Unfortunately, the ability to discrim
inate between the effect of the drug and that of the placebo as well as between the two 
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effective substances at the clinical level remains restricted. Especially in the case of 
antidepressants, however, a placebo comparison is at present practically unfeasible. 

For reasons of medical ethics at least those depressive patients in clinical treat
ment, i. e., with marked depression and high suicide risk, cannot be assigned to the 
less effective placebo group. 

The evaluation of treatment effect takes place using rating scales. As a baseline, two 
ratings should be made during the washout period. Thereafter, ratings should be car
ried out at least weekly. The intervals between ratings must be determined beforehand 
and strictly observed. In the course of the experiment, the same raters should always 
judge the patients condition. 

We cannot treat details of statistical analysis here. The precise quantitative de
scription of the cases, for which various calculation procedures have been proposed 
(cf. WITTENBORN, 1977; LEVINE, 1979; FERNER, 1977), is not sufficient. A global rating 
and rank ordering of treatment success in each case should also occur. This is impor
tant because significant differences at the item or syndrome level do not always cor
respond to an improvement with relevance for the patient (compare Sect. C). 

IV. Phase ill 

Guided by the hypotheses obtained up to this point, Phase III of the investigation is 
primarily concerned with comparative studies involving a larger patient sample and 
aiming at confirmation of the indication. Furthermore, the safety of long-term medi
cation (3-6 months) and finally the clarification of particular effect mechanisms and 
implications must be established. 

As the results of Phase II allow a fairly reliable estimation of the efficacy of the 
investigational drug, the sample population can now be broadened in Phase III to in
clude women of child-bearing potential, patients with organic diseases and perhaps 
also with concurrent medication, children, and aged patients. These groups must be 
evaluated separately as to age, socioeconomic status, special treatment situations, etc. 
The various treatment groups should be as homogenous as possible. Group size 
should roughly equal that in the latter stage of Phase II. 

As a rule, the experimental design selected for this stage should be double-blind, 
as in late Phase II. Ifpossible, interactions with other substances should be controlled 
for, and special treatment conditions as well as out-patient treatment should be stud
ied. In Phase III, multicenter studies are preferable. The planning must be just as con
scientious as in Phase II. However, psychiatric institutions whose staffing does not al
low the investment of the methodological effort necessary in the previous phases can 
also collaborate here. During interpretation, not only global results but also results 
in the individual treatment groups should receive consideration, as such comparisons 
often uncover interesting differences. When possible, the double-blind test should in
clude a placebo condition. 

The experiments in this phase involving long-term treatment with a study drug 
should allow the evaluation of administration under in-patient and out-patient con
ditions. The documentation of cases, including diagnosis, syndrome, symptoms, and 
assessment devices, can now be substantially simplified. However, sufficient labora
tory controls are necessary in all cases, particularly when treatment continues over 
several months, as the administration of the test preparation to a larger population 
allows the discovery of rare treatment complications. 
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C. Special Problems 

I. Introduction 

H. HEIMANN and H.1. GAERTNER 

In the first section we discussed general difficulties encountered in trials with psycho
tropic substances. We shall now try to provide at least a few insights into some ques
tions left open for future research. For example, from the standpoint of pharmacolog
ical effect alone, numerous circumstances actually present in the treatment of psychi
atric patients appear as interfering factors. Also, the quantification of descriptive 
methodology for the evaluation of psychic effects is not satisfactory and demands im
provement. Here, various parameters involved in the formation of an evaluation must 
be considered. Finally, the conditions of a double-blind comparison with a placebo or 
with a reference substance also raise critical questions. In particular, the investigation
al strategy now widely adopted is suitable for delivering proof of effectiveness and for 
judging the safety of a medication. This strategy is based on a therapeutic experiment 
with a large sample under double-blind conditions. However, because a large number 
of patients with relatively uniform overt symptomatology are included in the sample, 
a new problem is created. As we know, very different pathogenetic of pathophysiolog
ical states can underlie one and the same psychic manifestation. For this reason, thera
py failures achieve particular importance, as long as the patients concerned have re
ceived sufficient doses. Their comparison with successful cases is extremely valuable. 
In other words, the extreme cases in a treatment experiment are of particular interest 
to the researcher. The question arises as to whether careful single case studies in these 
extreme groups should not be carried out in addition to the necessary investigation 
based on group statistics. These single case studies would have to be conducted in 
great detail over extended periods of time, demanding the investment of considerable 
additional effort. 

II. Interfering Factors 

Interfering factors are factors which cannot be attributed directly to the medication. 
They can be classified into four groups (compare SCHMOCKER, 1977; BUSCH, 1977) ac
cording to their sources: a) those that concern the patient and his illness directly, e.g., 
the spontaneous course of the illness, personality traits, or special previous experi
ences with medication; b) those concerning the attending physician, e.g., his attitude 
towards pharmacotherapy, his therapeutic ability, and training; c) those relating to 
the treatment milieu, e.g., various conditions of stationary treatment, concurrent psy
cho- or sociotherapy; and d) those concerning the private milieu of the patient, e. g., 
family situation, existence or nonexistence of a significant other who may influence 
therapeutic progress. For the evaluation ofneuroleptics in acute psychosis, the spon
taneous course of the disorder is of primary importance. This also applies to the test
ing of antidepressants on phasic depressives. Also, the patient's private milieu and so
cioeconomic circumstances must be considered in the evaluation of these drugs. Par
ticularly in the area of neurotic disorders, these two last-mentioned factors play an 
important role in the evaluation of anxiolytics and minor tranquilizers. When possi
ble, interfering factors should be recorded and considered in interpretation. 
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III. Criticism of Quantification 

Available rating scales and assessment devices are rough simplifications and schemas 
of what occurs between the patient and the investigator in a context of social interac
tion. It is very easy to demonstrate that those behavior patterns of psychiatric patients 
which are recorded as identical items on such scales often have different meanings for 
different patients. If one applies several quantitative evaluation instruments to one 
patient, for instance, and correlates the scores obtained before and after treatment, 
it can be shown that different rating scales tap varying aspects of information at dif
ferent points in time. The intercorrelation between scores is generally lower before 
than after treatment (compare Heimann and Schmocker, 1974; HEIMANN, 1977). These 
differences are not caused by variations in distribution, but rather by qualitatively dif
ferent information components entering into the quantitative description. 

The necessary repeated assessment with the same instrument before, during, and 
at the end of treatment also poses special problems when psychic syndromes are con
cerned. There exists a time series effect in the sense that for the observer, "improve
ment" can be induced, especially when his contact with the patient improves. On the 
other hand, schizophrenic patients incapable of communicating certain pathological 
experiences at the onset of treatment may become able to do so as neuroleptics take 
effect or as their contact with the investigator improves. 

These questions can be summarized under the concept of the observer parameter, 
referring primarily to the problems of rating scales and time series effects. In the first 
area, systematic training can reduce error, as reliability studies using video recordings 
of patient interviews have shown. In order to enable the investigator to adhere strictly 
to the conventions of description, examples illustrating the symptoms and items on 
a rating scale must be presented during training. Even so, the limit of training is soon 
reached. This limit is rooted in the second parameter: in the symptom or the item itself 
as it refers to a patient sample. The time series effect can be reduced, as RENFORDT and 
BUSCH (1976) and BOBON (1978) have demonstrated, by making video recordings of 
interviews showing the patient's current condition. These recordings are subsequently 
presented to the raters in random order. 

Every descriptive symptom contains a certain semantic ambiguity, not only for the 
observer but above all for the patient himself. This can most easily be proved by 
analyzing the self-report inventories which have been developed to measure anxiety 
and depression. We were able to demonstrate that depressed patients are not capable 
of reliably discriminating between subjective anxiety and depression in their own expe
rience. The correlation between the results of a self-report anxiety scale and a de
pression inventory is greater than r=0.9 (HEIMANN and GIEDKE, to be published). A 
trained observer, however, was able to discriminate between the anxiety and the de
pression items on the Hamilton scale with reasonable accuracy, as confirmed by com
parison with the patients' psychophysiological arousal niveau (spontaneous fluc
tuations in skin resistance). It should also be noted that the frequency distributions of 
symptoms or items in a patient sample can vary considerably. Some items are relatively 
scarce, but have the reputation of being quite specific to certain states of illness. On 
the other hand, there are items which exhibit a fairly nonspecific distribution over all 
diagnostic groups. Furthermore, there are items or symptoms which show marked 



404 H. HEIMANN and H.J. GAERTNER 

quantitative increments corresponding to the severity of the disorder, whereas others 
remain relatively constant in degree. One must consider all of these aspects in order 
to understand that psychiatric scales using single items or symptoms as units which 
can be utilized in factor analysis or other statistical procedures are really nothing more 
than rough schemas. 

Finally, too little research has been devoted to the question of whether or not the 
psychopathological manifestations of a patient as reflected in rating scores are really 
relevant to practical use, i.e., to the evaluation of therapeutic effect. In any case it is 
necessary to investigate this question for the various psychiatric syndromes. It is pos
sible that in chronic schizophrenia, for instance, a certain measure of psychotic behav
ior is a better basis for eventual reintegration in society than the neuroleptic sup
pression of all psychotic phenomena, especially when lethargy and apathy are the pri
ce which must be paid. 

IV. Double-Blind Conditions 

There currently exists a general consensus that the effectiveness and safety of a psy
choactive drug as compared to a placebo or a referent drug can only be assessed in 
a double-blind design. Furthermore, this is only possible when a strictly random as
signment of subjects to experimental groups takes place. Besides the fact that various 
ethical objections can be made to this procedur~, one must also consider the problem 
of testing whether or not this condition has actually been met. On the one hand this 
is not always feasible because of possible side effects (e.g., extrapyramidal symptoms 
in the case of neuroleptics). On the other hand there are also prejudices among 
physicians, as some believe that double-blind conditions are impossible with certain 
drugs. In a comparison between amitriptyline and maprotiline on depressive patients, 
for instance, it was contested that the double-blind conditions could not be met be
cause amitriptyline sedates more heavily. Nevertheless, the double-blind study was 
conducted and observers were unable to identify the different substances during the 
experiment. 

Finally, double-blind comparisons involving larger patient samples deliver only 
relatively global results for a particular indication. The success rate is generally about 
70%. Replications of double-blind studies yield similar results at best, i.e., they can 
confirm the effectiveness: but if samples were selected only on the basis of clinical 
criteria, they cannot answer the question of which drug is the right one for a certain 
patient. For example, the failure of an antidepressive therapy cannot be predicted on 
the basis of the momentary symptomatic manifestations at the onset of treatment 
(compare ANGST et aI., 1974). For this reason it is necessary to conduct double-blind 
studies on subgroups selected on the basis of such biological aspects as psychophysio
logical reactivity or special clinical-biochemical measures. To illustrate this point, it 
has been shown that depressive patients whose 5-HIAA liquor values indicate normal 
serotonin brain metabolism cannot be distinguished at the clinical level from those 
whose serotonin turnover is diminished. This also applies to depressive patients with 
normal or diminished urinary MHPG levels. Only the group of bipolar depressives 
exhibits distinct behavior with reference to this biochemical parameter. Therefore, in
tensive investigations of the extreme groups of so-called therapy responders and non-
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responders assume special significance. It is the results of such studies which will fi
nally enable us to find criteria for answering the decisive question of which drug is 
suitable for which patient. 
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CHAPTER 19 

An International Convention on the Control 
of Psychotropic Substances 

H. HALBACH 

The "Convention on Psychotropic Substances, 1971" (in the following designated as 
"the Convention") was initiated by the United Nations' Commission on Narcotic 
Drugs, a functional commission of the Economic and Social Council, and the Expert 
Committee on Drug Dependence of the World Health Organization (WHO) because 
of the legal difficulty in controlling drugs other than those of the morphine, cocaine 
or cannabis type under the existing international conventions on narcotics control. 

According to its preamble, the intent of the Convention is to prevent and combat 
the adverse effect on public health and the social problems reSUlting from the abuse 
of psychotropic substances, and the illicit traffic connected with such abuse, through 
rigorous measures designed to restrict their use to legitimate medical purposes. At the 
same time the Convention recognizes that the availability of the drugs so controlled 
for medical and scientific purposes should not be unduly restricted. 

The public health and social problems arising from drug dependence and abuse 
which the Covention purports to combat must be delineated. In its attempt to do so 
the WHO Expert Committee 1 stated: 

"If such a drug abuse or dependence is likely to be, or is known to be, only sporadic 
or infrequent in the population, if there is little danger of its spread to others, and if 
its adverse effects are likely to be, or are known to be, limited to the individual user, 
there is no public health problem .... On the other hand, if the drug dependence is as
sociated with behavioural or other responses that adversely affect the user's interper
sonal relations or cause adverse physical, social, or economic consequences to others 
as well as to himself, and if the problem is actually widespread in the population or 
has a significant potential for becoming widespread, then a public health problem 
does exist." 

The Convention does not qualify nor quantify the public health and social prob
lems except by stating that "there is sufficient evidence that the substance is being or 
is likely to be, abused so as to constitute a public health and social problem warranting 
the placing of the substance under international control." 

To the extent that social problems and those of public health are often linked and 
in view of the definition of health in the WHO Constitution as "a state of complete 
physical, mental, and social well being" it is understood that the WHO must make 
an appraisal of the overall consequences of drug taking before it recommends to the 
Commission on Narcotic Drugs to control the drug in question by adding it to one 
offour lists (so-called schedules) providing for graded measures of control. The ulti-

1 WHO Technical Report Series, No. 407, 1969, pp. 6-7 
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mate decision is left to the Narcotics Commission. Changes in the control status of 
a drug or its removal from control are handled in the same way. 

The objective of the Convention is not to control any psychotropic substance 
likely to lead to adverse effects on public health and to social problems through abuse, 
but only those which are capable of producing "(1) a state of dependence and (2) cen
tral nervous system stimulation or depression resulting in hallucinations or disturban
ces in motor function or thinking or behavior or perception or mood." This and some 
other formulations in the Convention are the result of diplomatic rather than scientific 
disputes between the states signatories of the Convention. 

Evidence of the capacity to produce the effects enumerated under clauses (1) and 
(2) above is, however, not required ifthe incriminated substance can produce "similar 
abuse and similar ill effects" as a substance already controlled by the Convention. A 
finding regarding similarity will normally require a detailed investigation of the de
pendence-producing and psychic or behavioral effects. The reason for including the 
alternative criterion of similarity was the desire to cover substances which might not 
produce a clear state of dependence (such as certain hallucinogens), but are neverthe
less abused. 

The recognition by the Convention of the production of dependence as a major 
criterion will preclude the control of psychotoxic substances without dependence-pro
ducing properties. 

The criteria regarding dependence and certain psychic and behavioral effects as 
well as the criterion of similarity provide for the possibility of covering new types of 
substances different from those envisaged by the Convention at its inception. This dis
tinguishes the Convention from the earlier international treaties on narcotics control 
which are applicable to three categories of drugs only, i.e., those of the morphine, co
caine, and cannabis type. Candidates for possible future coverage by the Convention 
would be alcohol (ethanol) and khat (catha edulis), since they fulfill the criteria for 
control. Whether such control is warranted would depend on its appropriateness and 
practicability. 

The Convention requires evidence of the dependence-producing properties of a 
drug and of its abuse "already occurring" or "likely to occur." 

The state of dependence, whether physical (physiological) or psychic (psycholog
ical) in origin and outcome, is the result of an interaction between a chemical and an 
organism (human or animal). Dependence is thus a biological phenomenon amenable 
to scientific experimental investigation and describable in adequate biological terms. 
Hence, the dependence-producing potential of a drug can be tested. 

In contrast, the actual abuse of a dependence-producing drug occurs in response 
to an interplay of a wide range of personal and environmental factors of, inter alia, 
a psychological, anthropological, sociological, cultural, and economic nature. The re
sultant abusive behavior and the consequences of such abuse for the individual and 
society must be the subjects of an evaluation that takes into account the pharmaco
logical and above all the dependence-producing properties of the substance in ques
tion. In the absence of reproducibility, evaluation is a less precise, less reliable, and 
less conclusive procedure than pharmacologic testing. Confronted with this situation 
and the desirable preventive function of the Convention, a decision regarding control, 
especially of a new substance, will have to rely heavily on estimates inferred from data 
obtainable through the testing of its psychopharmacologic properties. 
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Finally, the control status of a drug will depend on the balance between the risks 
of its abuse and its therapeutic benefits, in order not to limit unduly its availability 
for legitimate medical purposes by way of too stringent control measures. 

Current pharmacologic approaches towards establishing, as required by the Con
vention, the dependence potential and therapeutic usefulness of a psychotropic sub
stance have been outlined by the WHO Expert Committee on Drug Dependence in 
its 21st report: WHO Technical Report Series, No. 618, 1978, pp. 10-25; 30-32. In 
the following the relevant parts of this report are reproduced with the gratefully ac
knowledged permission of the W orId Health Organization. 

3. ANIMAL STUDIES ON PSYCHOTROPIC AND DEPENDENCE
PRODUCING DRUGS 

3.1. General pharmacology and toxicology 

To be relevant to the problem of abuse the study of a psychotropic substance in 
animals must be designed to demonstrate a specific profile of effects, including the 
overall side-effects and toxic effects. The specific effects that are to be searched for 
correspond, at least in part, to the drug's potential psychic toxicity and potential 
therapeutic properties; the balance between these two is one of the major bases for 
the evaluation of the drug. As some relevant effects of known psychotropic drugs 
are not present or not pronounced in all laboratory animals, it is essential to use 
the appropriate animal species and strain for studying these effects. Several routes 
of administration may be used. 

3.1.1. Single-dose studies 

Numerous techniques are available in single-dose studies, ranging from the simple 
observation of locomotor disturbances and abnormal movements and postures to 
examinations of specific sensory or motor systems. Changes in sexual function, ap
petite, vigilance, arousal, and the performance of learnt activities should be ob
served and physiological effects should be studied by means of electrocardiogra
phy, electroencephalography, and the measurement of heart rate, blood pressure, 
temperature, respiration, and pupillary changes. Further information might be ob
tained from biochemical investigations - in particular, the determination of the 
levels and turnover of biogenic amines and other brain components and the affinity 
of some psychotropic drug, such as lysergide, for specific receptors. 

The profile determined in the acute studies might permit the drug in question 
to be assigned to an already well characterized class of drugs. The psychotropic 
drugs scheduled in the 1971 Convention belong to the following classes: 

(1) hallucinogens of the lysergide, STP, or tetrahydrocannabinol type, 
(2) central nervous system (CNS) stimulants of the amphetamine type, and 
(3) CNS depressants of the barbiturate and other types. 
Phencyclidine, which is also scheduled, displays a mixed profile. Of course, nu

merous types of psychoactive drugs are not represented in the four schedules of the 
Convention, e.g., hallucinogens of the belladonna alkaloid type, stimulants of the 



412 H. HALBACH 

MAO-inhibitor type, and depressants of the benzodiazepine type. Furthermore, in 
the future there will be drugs with differently combined or absolutely new profiles. 

The profiles include not only psychotoxic activity but also therapeutically use
ful activity such as anorexigenic, sleep-inducing, or tranquilizing effects. 

The study of general side-effects with conventional methods is also necessary 
because abuse-liability is affected by their presence or absence. Abuse is less likely 
to occur, for instance, when the drug in question is irritating or produces diarrhoea. 

3.1.2. Multiple-dose studies 

Many important characteristics of drugs will be disclosed only in studies with re
peated administrations. Some of these studies are conventional, such as the short
and long-term toxicity tests that disclose perturbations in food intake, growth, 
blood cells, clinical chemistry, histology, etc. Other studies are less conventional, 
referring more specifically to behavioural disturbances that appear only after re
peated administration and are subject to factors such as tolerance or sensitization. 
F or instance, it has been shown that repeated administration of amphetamines can 
lead to profound behavioural alterations in animals accompanied by irreversible 
neurochemical and neurophysiological manifestations. 

Similarly, conventional teratological and fertility studies are prerequisites for 
a thorough evaluation of any drug to be used in humans, and particular emphasis 
should be placed on possible disturbances in the behaviour of the offspring. 

Although "rebound" phenomena (e.g., depression following stimulation or 
vice versa) might sometimes be observed after a single administration, they are 
much more likely to occur after repeated doses. 

3.1.3. Antagonism, cross-tolerance, and interactions 

The use of antagonists is often very helpful in determining the profile of a com
pound. However, the interpretation must be made with caution because there is no 
antagonist as yet that can be considered specific to one single class of substances 
scheduled in the Convention (i.e., that will antagonize a given effect only of these 
substances and not of any other drug). There is also no antagonist that will sup
press all the effects of a single psychotropic substance. 

When a class of psychotropic drugs displays the phenomenon of tolerance, ev
idence of cross-tolerance with a new substance under study may be considered one 
of the most valid criteria for the existence of a close resemblance between the new 
product and the prototype. It may be difficult, however, to establish the specificity 
of a particular instance of cross-tolerance. Nevertheless, the use of antagonism and 
cross-tolerance may be helpful in characterizing mechanisms of action. 

Besides drug antagonism and cross-tolerance, other interactions might be 
worth studying for both scientific and practical reasons. These include the inter
actions between psychotropic drugs and ethanol, between barbiturates and am
phetamines, and between reserpine and amphetamines. 

3.1.4. Pharmacokinetics 

The determination of the pharmacokinetics of a psychotropic substance given by 
one or several routes is essential for the design of experiments involving repeated 
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administrations and for predicting the dependence potential. Naturally, the time 
course of absorption, distribution, and excretion depends not only on the chemical 
constitution of a given drug but also on its physical characteristics (solubility, po
larity, etc.) and the kind of formulation. Drugs that remain in the body for long 
periods of time might present special hazards. The drugs most likely to produce 
dependence are those whose effects have a rapid onset. The choice of the appropri
ate animal species for dependence studies on particular drugs can be based on such 
factors as pharmacokinetic and pharmacodynamic similarity to man, susceptibility 
to the substance, and availability of valid methods. However, when these factors 
are not well known the use of a variety of animal species is of great importance. 

A report by a WHO scientific group on the bioavailability of drugs provides 
further information on this subject. 

3.1.5. Environmental factors 

The effects of psychotropic drugs may be influenced by environmental and even 
social factors. For instance, temperature, temporal rhythm, and the size and nature 
of the cage have been shown to modify the intensity and duration of various stimu
latory or depressant phenomena. The effects of psychotropic drugs on learnt be
haviour is, to a great extent, determined by the reward contingencies maintaining 
the behaviour. Typically, crowding increases the toxicity of amphetamine-like 
drugs in suitable strains of mice. The administration of a psychotropic drug to one 
member of a monkey colony may profoundly modify the behaviour of the other 
animals. 

3.2. Physical dependence studies 

On the basis of many years of study with the opiates, well defined methods have 
been developed for the assessment of physical dependence in animals. In general 
the drug under investigation must satisfy two requirements: first, it must have the 
ability to substitute for a known dependence-producing agent in animals physically 
dependent on that agent; secondly, it must be capable of inducing primary depen
dence when administered at the appropriate doses and time intervals for an appro
priate period of time. Methods utilizing these principles have been developed for 
drugs of the sedative-hypnotic class, and these will be discussed in more detail be
low. A recent symposium 1 has summed up much of the present state of the art. 
Physical dependence has been definitely established only for central nervous sys
tem depressants. The question of physical dependence on drugs of the amphetami
ne type and on some hallucinogenic substances has still not been completely re
solved. The relationship of physical dependence to drug-seeking behaviour has 
been established for only a few drugs. 

3.2.1. Direct induction studies 

The production of primary dependence on sedative-hypnotic drugs depends on the 
proper choice of dose, dosing interval, duration of treatment, and route of admin-

1 Thompson, T., Unna, K.R. (ed.): Predicting the abuse dependence of stimulant and de
pressant drugs. Baltimore: University Park Press 1977 
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istration. On termination of drug treatment, withdrawal signs are seen the severity 
of which depends on the degree of physical dependence. Withdrawal signs for the 
sedative hypnotics are characterized by hyperirritability, tremor, "delirium", and 
convulsions. A variety of rating scales have been used in attempts to quantitate the 
degree and severity of the dependence. The method of Jones and co-workers 1 is 
probably the most sophisticated and best validated system. On the other hand, the 
monkey may offer some advantage in the clarity of withdrawal signs.2 Extensive 
work in this regard has also been carried out in the cat. 3 

Rodents have not proved to be as useful, although they have the advantage of 
lower cost. Mention should be made of some newer rodent techniques which, al
though promising, have not yet been validated. These include schedule-induced 
polydypsia 4 and continuous intraperitoneal infusion. 5,6 

3.2.2. Substitution studies 

For several decades attempts have been made to develop methods for determining 
whether new drugs would substitute for barbiturates in animals. The first practical 
method was probably that of Deneau & Weiss,7 which involved dogs maintained 
on barbital sodium. Signs and symptoms of withdrawal were semiquantitated, and 
the ability of the test drug to substitude for barbital was determined. Similar 
methods have been developed for the monkey,S and recently quantitative pro
cedures have been developed for the dog. 9 Procedures using rodents have not been 
as well validated, although mention should be made of the methods of GOLD

STEIN. 10 

3.3. Self-administration studies 
3.3.1. Reinforcing property of drugs 

A reinforcing effect on drug-seeking and drug-taking behaviour is an essential 
property of drugs common to all types of psychotropic substances that produce 
and/or perpetuate the repeated use of drugs in man. Physical dependence may be 
regarded as of secondary importance because it does not necessarily develop with 
all types of dependence-producing psychotropic substances. Laboratory methods 
of assessing the reinforcing effect of drugs in animals have been developed over the 
past 15 years and are now being used for the prediction of the dependence potential 
in man. ll 

1 Jones, B.E., et al.: Psychopharmacologia 47, 7 (1976) 
2 Yanagita, T.: J. Pharmacol. Exp. Ther. 172, 163 (1970) 
3 Okimoto, M., et al.: J. Pharmacol. Exp. Ther. 192, 555 (1975) 
4 Falk, J.L.: Personal communication 
5 Teiger, D.G.: J. Pharmacol. Exp. Ther. 190, 408 (1974) 
6 Patrick, G.A., et al.: Proceedings of the Committee on Problems of Drug Dependence. 

Washington DC: National Research Council, National Academy of Sciences 1976 
7 Deneau, G.A., Weiss, S.: Pharmakopsychiatry, Neuro-psychopharmakol. 1,270 (1968) 
8 Yanagita, T.: J. Pharmacol. Exp. Ther. 185, 307 (1973) 
9 Jones, B.E. et al.: Psychopharmacologia 47, 7 (1976) 

10 Goldstein, D.B.: J. Pharmacol. Exp. Ther. 183, 14 (1972) 
II Johanson, C.E., Schuster, C.R.: In: Predicting the abuse dependence of stimulant and 

depressant drugs. Thompson, T., Unna, K.R. (eds.). Baltimore: University Park Press 
1977 
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In these tests conditions are arranged so that a selected behavioural response 
is followed by the administration of the drug. If the response increases in 
frequency, the reinforcing effect is said to be positive and the behaviour can be 
called drug-seeking and/or drug-taking behaviour. 

Self-administration techniques have been developed using rats, l cats,2 dogs,3 

and monkeys.4, 5 In most cases the pressing of a lever by the animal activates an 
infusion pump, and a preset amount of drug solution is delivered to the animal 
through a permanently implanted catheter. The most widely used route of self-ad
ministration is the intravenous route, but other routes such as intragastric 6 and in
tranasal 7 are also in use for water-insoluble and inhalant forms of drugs. 

The use of these techniques has shown that substances abused by man - such 
as opiates, some synthetic analgesics, cocaine, sedative-hypnotics, alcohol, stimu
lants, nicotine, and organic solvents - have a reinforcing effect in animals.7, 8, 9 No 
animal studies have demonstrated reinforcing effects with lysergide,lO and prob
lems exist for ,19 -tetrahydrocannabinol 11 and methaqualone.12 

Thus, within the above limitation, the assessment of the reinforcing effect in 
laboratory animals is believed to be a useful approach for predicting the depen
dence potential of psychotropic substances in man. 

3.3.2. Cross self-administration - "substitution" 

Animals are trained to self-administer a prototypic drug intravenously at a dose 
previously determined to be effective in producing lever-pressing at a significantly 
higher rate than that for the vehicle. Typically, daily experimental sessions last for 
several hours, during which the drug is delivered once for every fixed number of 
responses (e.g., 1,5, or 10). After establishment ofa stable rate and pattern of drug
reinforced responding, a test drug may be substituted for the standard drug. The 
rate and pattern of response maintained by the test drug are compared with the 
rate and pattern observed with the standard drug and the vehicle. If the response 
rate for the test drug is higher than that for the vehicle, the test drug is considered 
to have a positive reinforcing effect. Tests must be made of a broad range of unit 
doses (i.e., the dose contained in each infusion) in order to determine whether a 
drug has positive reinforcing properties. 

1 Weeks, J.R.: Science 138, 143 (1962) 
2 Balster, R.L. et al.: Psychopharmacologia 46,229 (1976) 
3 Jones, B.E., Prada, J.: Psychopharmacologia 30, 1 (1973) 
4 Yanagita, T. et al.: Excerpta Med. Int. Congr. Ser. 87, 453 (1965) 
5 Thompson, T., Schuster, C.R.: Psychopharmacologia 5,87 (1964) 
6 Yanagita, T., Takahashi, S.: J. Pharm. Exp. Ther. 185, 307 (1973) 
7 Yanagita, T.: Jpn. J. Clin. Pharmacol. 1,13 (1973) 
8 Thompson, T., Unna, K.R. (eds.): Predicting the abuse dependence of stimulant and de

pressant drugs. Baltimore: University Park Press 1977 
9 Deneau, G.A., Inoki, R.: Ann. N. Y. Acad. Sci. 142,277 (1967) 

10 Yanagita, T.: Bull. Narc. 25 (4), 57 (1973) 
11 Kaymak~a1an, S.: Bull. Narc. 25 (4), 39 (1973) 
12 Yanagita, T.: Personal communication 



416 H. HALBACH 

3.3.3. Continuous self-administration 

In this procedure animals are allowed to self-administer drugs, intravenously or by 
some other route, without dose or time limitation. The experiment is usually 
started with self-administration of the vehicle for 1-2 weeks to observe the baseline 
response rate for each animal. The test drug is then substituted. The initial unit 
dose used is based on results obtained in preliminary tests or in the above-mention
ed cross self-administration experiment. 

If a significant increase in response rate is generated by the test drug, the experi
ment is continued for several weeks and the daily dose levels, the drug-taking pat
terns, and the overt physical and behavioural manifestations of the effects of the 
drug are observed. 1 If no increase in response rate is seen with the test drug, shifts 
of unit dose and/or forced programmed administration of the drug for a certain 
period (e.g., 2 weeks) should be attempted to determine whether the animal will 
then initiate and maintain self-administration. Withdrawal signs and changes of 
the response rate may be observed by depriving the animal ofthe drug for 24-48 h 
or longer. The use of experimentally naive animals is regarded as an essential part 
of this experiment for demonstration of the primary reinforcing property of drugs. 
This procedure permits assessment not only of the reinforcing effect but also of 
some other properties of drugs, such as behavioural effects and toxicity at the self
regulated dose regimen. 

3.3.4. Procedures designed to assess reinforcing efficacy 

The mere fact that a drug has a reinforcing effect is not sufficient evidence to pre
dict its abuse liability in man. For that purpose the reinforcing efficacy of the drug 
must be determined. Several attempts have been made to establish procedures to 
quantitate the reinforcing effects. 

Progressive-ratio procedure. Responding is first established with a standard 
drug, then the test drug is substituted and the number of responses required for 
drug reinforcement is systematically increased. The response requirement that the 
animal fails to meet is called the breaking-point. Results obtained from this pro
cedure have a good predictive value for certain classes of psychotropic drugs. 2,3 

Choice procedure. This procedure permits the experimental animal to choose 
between two drug solutions. Animals are trained to choose between a prototypic 
drug and saline. After initial training, the test drug may be substituted at various 
doses. Two measures can be derived - the percentage choice of one solution com
pared with the other and rate of response maintained by the two solutions. This 
procedure appears to have considerable promise in the rank-ordering of drugs for 
reinforcement efficacy.4, 5 

1 Johanson, C.E. et al.: Pharmacol. Biochem. Behav. 4, 45 (1976) 
2 Griffiths, J.D. et al.: Psychopharmacologia 43, 81 (1975) 
3 Yanagita, T.: Bull. Narc. 25 (4), 57 (1973) 
4 Johanson, C.E., Schuster, C.R.: 1. Pharmacol. Exp. Ther. 193, 676 (1975) 
5 Balster, R.L., Schuster, C.R.: Cocaine and other stimulants, p. 571. New York: Plenum 

1977 
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Second-order schedule procedure. Animals are trained to respond on a simple 
reinforcement schedule in which a brief stimulus (e.g., a light or tone) is presented 
concurrently with a drug. It is found that the stimulus is able to sustain behaviour 
even when only intermittently coupled with drug delivery. This procedure has not 
been applied to the prediction of relative abuse liability of drugs although it has 
the advantage that extended samples of behaviour leading to drug reinforcement 
can be maintained with little or no confounding effect of previous drug adminis
tration (e.g., earlier the same day).l 

3.3.5. Importance of other observations during self-administration studies 

The possible information obtainable in continuous self-administration ex
periments concerns the animals' drug-taking patterns, the self-regulated dose levels 
that are specific to each drug, and the ability of the drug to produce physical and 
behavioural effects and toxicities at the self-regulated dose regimen. The develop
ment of tolerance and physical dependence to a drug can also be observed in con
tinuous self-administration procedures.2, 3 

Although physical dependence is of only secondary importance for prediction 
of the abuse liability of psychotropic substances, its development is relevant to the 
prediction of abuse liability when some aversive withdrawal signs (due to physical 
dependence) intensify drug-seeking behaviour. This has been shown by comparing 
the reinforcing efficacy in physically dependent and non-dependent monkeys.4, 5 

3.4. Other procedures 

3.4.1. Discriminative stimulus techniques 

The dependence potential of psychotropic drugs is largely related to their subjec
tive effects, which are qualitative. Drug discrimination studies are based on the hy
pothesis that the property of psychoactive drugs that enables them to function as 
discriminative stimuli in animals is analogous to the property responsible for pro
ducing subjective effects in man. For the evaluation of the discriminative stimulus 
properties of drugs, rats or monkeys are trained to make one response following 
the administration of a prototypic drug in order to obtain a reinforcement (presen
tation of food or water or termination of shock) and to make a different response 
following the administration of the drug vehicle. A test drug is judged to produce 
discriminative stimuli similar to those produced by the training drug if the animals 
emit the drug-appropriate response followipg administration of appropriate doses 
of the test compound.6 The procedure has been validated for narcotic analgesics 
as well as analgesics with mixed agonist and narcotic antagonist properties. 1 - 6 

1 Goldberg, S.R. et al.: Fed. Proc. 34, 1771 (1975) 
2 Deneau, G.A. et al.: Psychopharmacologia 16, 30 (1969) 
3 Johanson, C.E. et al.: Pharmacol. Biochem. Behav. 4, 45 (1976) 
4 Yanagita, T.: Pharmacol. Rev. 27 (4), 503 (1976) 
5 Schuster, C.R.: Fed. Proc. 29, 2 (1970) 
6 Schuster, C.R., Balster, R.L.: Adv. Behav. Pharmacol. 1, 85 (1977) 
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Discrimination procedures for evaluating psychomotor stimulants have also 
been developed. 7, 8 They permit differentiation between dexamphetamine and 
levamfetamine as well as between amphetamine-like and other stimulants. 

These procedures may be of particular importance when considering hallucino
genic drugs that are not self-administered by animals. Unfortunately, the evalua
tion of discriminative properties is not as complete for the hallucinogenic drugs as 
it is for the opiate and stimulant classes of drugs. 9, 10, 11 

3.4.2. Techniques for evaluating lysergide-like hallucinogens 

No positive reinforcing properties have been demonstrated for lysergide-like hal
lucinogens, but these drugs can nevertheless be identified through the analysis of 
pharmacological syndromes. For instance, these agents produce head twitching in 
mice, bizarre behavior in several animal species, and hyperthermia in rabbits.12 
Furthermore, in monkeys they act as negative reinforcers. The "chronic spinal 
dog" has also proved to be of value for the study of lysergide-like hallucinogens.13 
As in man, lysergide produces in the "chronic spinal dog" pupillary dilation, tachy
cardia, increased respiratory rate, increased body temperature, facilitation of the 
hind limb flexor reflex, and evocation of the stepping reflex. When lysergide is ad
ministered repeatedly, tolerance develops to some ofthese effects, and cross-toler
ance has been shown to other lysergide-like hallucinogens. Conversely other lyser
gide-like hallucinogens can induce tolerance as well as cross-tolerance to lysergide. 
Serotonin and tryptamine antagonists selectively antagonize certain actions of 
lysergide-like agents.14 Thus serotonin and tryptamine antagonism may be of 
value in identifying lysergide-like activity. By means of these procedures, the ac
tions of lysergide and amphetamine can be separated. 1 Validation of some of these 
procedures for hallucinogens has been made by testing mescaline, psilocin, and 

1 Shannon, H.E., Holtzman, S.G.: J. Pharmacol. Exp. Ther. 198, 54 (1976) 
2 Kuhn, D.M. et al.: J. Pharmacol. Exp. Ther. 196, 121 (1976) 
3 Co1paert, F.C. et al.: J. Pharmacol. Exp. Ther. 197, 180 (1976) 
4 Holtzman, S.G. et al.: Discriminative properties of narcotic antagonists. In: Discrimina-

tive stimulus properties of drugs. Lal, H. (ed.), p. 47. New York: Plenum Press 1977 
5 Colpaert, F.e. et al.: Life Sci. 16, 705 (1975) 
6 Hirschhorn, LD., Rosecrans, J.A.: Psychopharmacologia 47,65 (1975) 
7 Silverman, P.B., Ho, B.T.: Characterization of discriminative response control by psy

chomotor stimulants. In: Discriminative stimulus properties of drugs. Lal, H. (00.), p. 
107. New York: Plenum Press 1977 

8 Schechter, M.D., Rosecrans, J.A.: Eur. J. Pharmacol. 21, 212 (1972) 
9 Schechter, M.D., Rosecrans, J.A.: Psychopharmacologia 26, 313 (1972) 

10 Winter, J.C.: Fed. Proc. 33, 1825 (1974) 
11 Kuhn, D.M. et al.: Discriminative stimulus properties of hallucinogens: behavioural as

say of drug action. In: Discriminative stimulus properties of drugs. La1, H. (ed.), p. 137. 
New York: Plenum Press 

12 Jacob, J.: Proc. Eur. Soc. Study Drug Toxicity 8, 59 (1967) 
13 Martin, W.R. et al.: Drug Alcohol Depend. 3, 113 (1978) 
14 Jacob, J., Girault, J.M.: Serotonin. In: Body temperature: regulation, drug effects and 

therapeutic indication. Lomax, P., Schonbaum, E. (eds.). New York: Dekker 
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STP. These psychotomimetic drugs produce pharmacological profiles predomi
nantly similar to those of lysergide. In addition, several other substituted amphet
amine derivatives have been evaluated. 2,3 The problem of classifying these com
pounds is complex since some have mixed lysergide- and amphetamine-like effects, 
some have predominantly amphetamine-like effects, and some have effects that re
semble neither those of lysergide nor those of dexamphetamine. Despite these 
problems, the evaluation techniques (including the use of antagonists) show 
promise of being able to differentiate the various hallucinogenic substances. 

4. HUMAN PHARMACOLOGY 

4.1. General pharmacology 

Prior to any specific evaluation, a careful study to determine the possible range of 
drug doses - from minimally effective doses to those producing undesirable side
effects - must be carried out in man. Such a study should include complete moni
toring of both physiological characteristics (e.g., blood pressure readings, EeG, 
neurological examination) and behavioural characteristics (e.g., overt signs and 
symptoms, assessment according to behavioural rating scales). The study must in
clude clinical chemistry and haematology examinations and urinalysis. When pos
sible, both single-dose and multiple-dose studies should be carried out, and both 
a placebo and a positively acting substance should be included. In the ideal situa
tion, pharmacokinetic data (e.g., half life) may also be obtained. 

Information from such studies is invaluable in planning the more complex 
abuse liability studies described below. In addition, real and potential drug toxicity 
might be discovered in such studies. 

As with all human studies, such experiments should be subject to peer review 
and the customary constraints and safeguards, based both on common sense and 
on ethical considerations. Initiation and continuation of subject participation in a 
study should be voluntary. All subjects should be informed of the purpose of the 
study and the associated risks and that they are free to withdraw from the study 
at any time. 

4.2. Physical dependence 

Long-term administration studies show that certain sedative-hypnotics in large 
doses produce physical dependence with abstinence syndromes characterized by 
convulsions and toxic psychosis. The morbidity and possible mortality associated 
with drug withdrawal preclude the use of this method for the testing of new drugs; 

1 Vaupel, D.B. et al.: Pharmacologist 18, 128 (1976) 
2 Vaupel, D.B. et al.: Drug Alcohol Depend. 2, 45 (1977) 
3 Nozaki, M. et al.: Eur. J. Pharmacol. (in press) 
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however, there is a possibility that some manifestations of withdrawal could be de
tected after the experimental long-term administration of therapeutic doses. 

It was demonstrated many years ago that secobarbital could prevent the toxic 
psychosis and convulsions associated with the pentobarbital withdrawal syn
drome. These results demonstrate that substitution studies with sedative hypnotics 
can be conducted under experimental conditions. Again the ethical issues associ
ated with high-dose dependence on sedative-hypnotics preclude the use of this 
method. 

In general, the amphetamine-like stimulants and hallucinogens do not produce 
a significant degree of physical dependence. There is, however, evidence that 
abrupt withdrawal after long-term administration of a high dose of amphetamine 1 

and Lf 9-tetrahydrocannabinol 2 leads to the production of withdrawal signs and 
symptoms. 

4.3. Subjective effects 

In doses that may be used therapeutically, dexamphetamine sulfate produces in 
nontolerant drug abusers a characteristic set of alterations in mood, feeling states, 
perception, physiological characteristics, and behaviour. One evaluated effect is 
"euphoria" or feelings of elation, well-being and contentment that are considered 
by many to be indicative of the ability of dexamphetamine to induce drug-seeking 
behaviour. A series of experimental studies indicate that a number of other agents 
produce this characteristic profile of subjective behavioural and physiological ef
fects - e.g., methamphetamine, phenmetrazine, methylphenidate, ephedrine, 
diethylpropion and phentermine. On the other hand, fenfluramine and chlorphen
termine are clearly distinguishable from dexamphetamine. This methodology al
lows the early identification of agents with amphetamine-like activity. 3 

In near therapeutic doses, pentobarbital also produces a characteristic profile 
of alterations in mood, perception, feeling states and behaviour in non tolerant 
drug abusers, as well as a type of euphoria. In addition, pentobarbital facilitates 
postrotatory nystagmus, a physiological effect useful for bioassay of sedative hyp
notics. Limited experimental studies indicate that other agents can produce these 
pentobarbital-like effects (secobarbital, phenobarbital, and methaqualone) and 
suggest that this methodology will allow the early identification of agents with 
pentobarbital-like activity.4 

Among the hallucinogens, lysergide produces a characteristic syndrome of sub
jective and physiological effects, to which tolerance develops. Other agents pro-

1 Jaffee, J.H.: In: The pharmacological basis of therapeutics. Goodman, L.S., Gilman, A. 
(eds.). New York: Macmillan 1975 

2 Jones, R.T., Benowitz, N.: In: Pharmacology of marihuana. Braude, M.C., Szara, S. 
(eds.), vol. 2. New York: Raven Press 1976 

3 Martin, W.R. et al.: Clin. Pharmacol. Exp. Ther. 12,245 (1971) 
4 Jasinski, D.R. et al.: Progress report on studies from the clinical pharmacological section 

of the Addiction Research Center. Presented at the meeting of the Committee on Prob
lems of Drug Dependence, Cambridge, Massachusetts, July 1977 
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duce a similar syndrome of lysergide-like subjective and physiological effects and 
show cross-tolerance in lysergide-tolerant individuals. These agents may also pro
duce a type of euphoria. Other hallucinogens probably produce other distinct syn
dromes in man. However, there are no experimental studies to demonstrate the 
utility of the method in classifying these agents for abuse potential. With perhaps 
the exception of nonpsychotogenic doses of the tetrahydrocannabinols, it is likely 
that ethical considerations will prevent the experimental study of hallucinogenic 
drugs in man. 

4.4. Behavioural techniques 

There have been several investigations of the reinforcing effects of psychotropic 
drugs in human volunteers allowed to engage in an operant procedure that is rein
forced with the delivery of a drug. Alcohol, l cannabis,2 heroin, and pentobarbital 3 

function as positive reinforcers. In addition, the behavioural toxicity produced by 
these self-administered drugs may be evaluated.2 These operant procedures could 
assist also in estimating the dependence potential of psychotropic drugs in man. 

More recently an attempt has been made to measure the relative reinforcing ef
ficacy of stimulant drugs using a choice procedure.4 Subjects experience two differ
ent drugs; later, they each choose the one they prefer. This procedure shows 
promise for estimating the relative dependence potential of stimulant drugs. It may 
be applicable to other classes of psychotropic drugs and may serve as a means of 
validating prediction based on studies ofthe reinforcing properties of drugs in ani
mals. 

4.5. Relevance of pharmacological and behavioural data to abuse liability 

Prediction of the likelihood of abuse and the risks attendant on abuse of psycho
tropic substances involves four steps. The first step is the accumulation of ph arm a
cological and toxicological data, mostly obtained from animals but some from 
man. The extent of the studies in man might vary considerably, depending on the 
properties of the drug in question. The second step is the use of these data to form 
a judgement on the dependence potential in man. The third step is the prediction 
of the likelihood that the substances will be abused by certain individuals within 
a society or culture. This prediction is based not only on the dependence potential 
of the substances but also on other factors such as the socioeconomic conditions, 
the availability of the substances, their therapeutic use, and the record of previous 
drug abuse in the society concerned. However, it is obvious that the pharmacolog
ical properties of the substances playa primary role in initiating and/or maintain
ing drug abuse. In this regard the relative efficacy of the reinforcing effects and the 

1 Bigelow, G. et al.: Fed. Proc. 34, 1785 (1975) 
2 Mendelson, J. et al.: J. Pharmacol. Exp. Ther. 198,42 (1976) 
3 Griffiths, R.R. et al.: J. Pharmacol. Exp. Ther. 197, 488 (1976) 
4 Johanson, C.E., Uhlenuth, E.: Presented at the meeting of the American Psychological 

Association, 1977 
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identification of the substances with a particular class of drugs may be of special 
importance. The fourth step is the prediction of the risk to both the individual and 
society when the substances are abused. Again this involves factors other than drug 
properties, but consideration of the following drug properties may be the most 
logical approach to prediction of the risk of abuse. 

(1) A possible reinforcing effect, which would lead to compulsive drug-seeking 
behavior. 

(2) Possible pharmacological effects, which would produce behavioral disor
ders at a dose level consistent with a self-administered regimen. 

(3) Possible toxic effects, which would produce pathological changes at a dose 
level consistent with a self-administered regimen. 

(4) Severity of the withdrawal manifestations including risk to life. 

4.6. Decision-making 

It is important to recognize that pharmacological techniques necessarily playa pre
dominant role in the scheduling of new psychotropic substances that are being in
troduced into therapeutics. In the case of an agent that has a pharmacological pro
file similar to that of a prototypic drug of abuse (e.g., pentobarbital, dexamphet
amine, lysergide), a decision to control it can be made with a relative certainty that 
it has the capacity to be abused. Two provisos must be emphasized, however. First, 
there is evidence of inherent species differences in reactivity to individual drugs 
within given classes. Thus some knowledge of the human pharmacology of the 
drug must be available to validate the techniques used in animals. Secondly, the 
actual incidence of abuse of an agent is influenced by factors other than its phar
macological properties. Many of these factors are unknown, but it is generally felt 
that the customs and passing fashions of the particular culture, the availability of 
the drug, the physicochemical properties of the drug, the type of pharmaceutical 
preparation, and the abuser's knowledge of the effects of the drug all contribute 
to the actual incidence of abuse. Thus, certain drugs may have the pharmacological 
profile of a prototypic drug of high abuse potential, but at any given time or in a 
particular society their incidence of abuse may be low or nil. 

New psychotropic agents developed for their unique therapeutic value will not 
usually produce pharmacological profiles similar to those of prototypic drugs. This 
fact constitutes a major problem for the prediction of a new drug's dependence
producing potential. Complications already arise with agents that only partially re
semble the prototypic agent or have a mixed profile of effects. 

6. ASSESSMENT OF THERAPEUTIC USEFULNESS 

In contrast to earlier treaties on the international control of drugs, the Convention 
on Psychotropic Substances requires from WHO an assessment of the therapeutic 
usefulness of a substance or preparation notified for control. This requirement re
sponds to the view expressed in the sixteenth report of the WHO Expert Committee 
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on Drug Dependence 1 that "the need, type and degree of international control 
must be based on two considerations: (a) the degree of risk to public health and 
(b) the usefulness of the drug in medical therapy." The drug's usefulness must be 
weighed against the potential or established risks from its abuse, and the resulting 
ratio determines both the need for control and the degree of control. 

Because of the established therapeutic usefulness and the necessary and legiti
mate use of many of the drugs included in the schedules of the Convention (and 
of other drugs that may become candidates for inclusion), the impact of the Con
vention on medical practice may be greater than that of other international Con
ventions concerned with drug control. The responsibility of WHO in implementing 
the Convention is amplified by considerations concerning individual and public 
health. Thus WHO must make every effort to ensure that the inclusion of drugs 
in the schedules is justified by the appropriate assessment of the balance between 
risk and benefit. 

In the absence of precise evidence on the criterion for therapeutic usefulness, 
recourse must be had to reputed usefulness, which reflects the general opinion of 
practitioners or expert panels. This opinion may change with time or even vary be
tween countries. 

With the passage of time therapeutic usefulness itself may be subject to change. 
For instance, new effects (desired or undesired) may be discovered, and the need 
for a drug may increase or the drug may become obsolete. 

6.1. Therapeutic efficacy and safety 

The proof of efficacy and the demonstration of safety should be basic conditions 
for obtaining permission to launch a drug on to the market. The scientific ap
proach to the evaluation of both efficacy and safety is of recent date. It involves 
many disciplines, including toxicology, pathology, pharmacology, clinical phar
macology, behavioural science, biopharmacy, biochemistry, and biometrics. Gen
eral principles for the evaluation of the efficacy and safety of drugs have been for
mulated by a number of WHO expert groups.2 

Many governments have accepted the responsibility of ensuring that the drugs 
made available to doctors and patients comply with established standards of effi
cacy and safety. To the extent that these responsibilities are discharged appropri
ately, the basic requirements for the determination of the usefulness of a drug can 
be presumed to have been fulfilled. In these circumstances WHO would not have 
to scrutinize the relevant preclinical and clinical data. 

The situation is quite different with substances, like some of those in Schedule I 
of the Convention, which have not been introduced into medical practice (or which 
have been introduced only in a limited way). In such cases WHO would itself have 
to engage in studying or possibly generating the documentation needed for the as
sessment of efficacy and safety and the resultant therapeutic value. 

1 WHO Technical Report Series, No. 407, 1969, p. 18 
2 WHO Technical Report Series, No. 341, 1966; No. 364, 1967; No. 403, 1968; No. 425, 

1969; No. 426, 1969; No 482, 1971; No. 536, 1974; No. 563, 1975. 
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The consideration of efficacy and safety should not be limited to the study of 
information available at the time of official approval (registration) and marketing 
of the drug but should extend to postregistration information such as that resulting 
from long-term application. 

As required by the Convention, a comparison must be made with existing 
drugs. Differences must be expected in the pharmacological profiles of drugs of 
similar chemical structure - except those with very minor modifications known not 
to entail differences in respect of pharmacokinetics or mechanism of action. Even 
slight structural changes might lead to differences in effects, which again would 
make it difficult to equate substances of similar chemical structure with regard to 
their usefulness. 

Cases are known where new therapeutic properties and uses were detected in 
a drug after it had been used in medical practice for some time. For example, 
methaqualone was developed as an antimalarial drug; later on its value in relieving 
arthritic pain was discovered. Today methaqualone is used as a hypnotic only. It 
is conceivable that events might occur in the reverse order - i.e., the initial use of 
a psychoactive substance might be followed by the discovery of other possibly 
more valuable therapeutic properties. Such discoveries might be forestalled by too 
rigid control at an early stage of drug development. 
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lysergic acid diethylamide 112 

Cross over design 400 
Cyclazocine 279 
Cyclic adenosine monophosphate 35, 140, 

224-226 
alcohol 224-226 

Cyclohexamine 39 
Cyproheptadine 35 
CZ-74 9 

Subject Index 

Datura stramonium 38 
Delirents, see psychotomimetics 
Dependence 111-114, 164,239,240,246, 

249,272,277,278,293,319-320,378,379 
p-adreno receptor antagonists 357 
alcohol 111, 164, 177, 187, 188, 193,239-

253 
acetic aldehyde 164 
analogy to morphine type 164 
endorphine release 164 
psychotomimetics III 
tetrahydroisoquinolines 164 
tetrahydropapaveroline 164 

alcohol-barbiturate type 240 
similarities between drug groups 240 

alcohol, pharmacological interferences 
249 

analgesics oflow abuse potential 272, 278 
dextromethorphane 272 
dextrorphane 272 
narcotic antagonists 278 

animal models 246 
barbiturates 240 
caffeine 378, 379 
definition 111, 239 
hypnotics 319,320 

appetite loss 319 
convulsions 319,320 
delirium tremens 319 
dizziness 319 
electroencephalogram 320 
insomnia 319 
involuntary twitches 319 
maintenance treatment 319 
nausea 319 
tremor 319 

liability 114, 293 
assessment in animals 114 
assessment in man 114 
positive reinforcing properties 114 

lysergic acid diethylamide 112, 113 
liability 112, 113 
physical 112 

opioids 277,278 
buprenorphine 278 
butorphanol 278 
codeine 278 
meperidine 278 
methadone 278 
morphine 278 
nalorphine 278 
naloxone 278 
narcotic antagonists 278 
pentazocine 277 
pentazocine-like compounds 278 
profadol 278 
propiram 278 



Subject Index 

pharmacological causes of 113 
social problem 113 

Depression 161, 165, 187, 319, 354 
p-adreno receptor antagonists 354 
alcohol 161, 165, 187 
hypnotics 319 

Desipramine 97 
DET = Diethyl tryptamine 
Diazepam 36 

lysergic acid diethylamide 36 
Dichloroisoprenaline 350, 351 
N,N-Diethylnicotinamide III 
Diethyltryptamine 7, 75 

lysergic acid diethylamide 75 
binding sites 75 
mescaline units 75 

Differential reinforcement of low rates 
schedule = DRL 381 

2,3-Dihydrolysergic acid diethylamide 10 
Dimeric cannabinoids 121 
2,5-Dimethoxy-4-methylamphetamine 16, 

34, 57, 75, 95 
dorsal raphe nucleus, effects 95 
lysergic acid diethylamide 75 

binding sites 75 
mescaline units 75 

N,N-dimethyltryptamine 7, 10, 34,91 
5-HT neurons 91 

inhibitory action 91 
Diphenhydramine 317 
N,N-Dipropyltryptamine 7 
DIPT 7 
4-0H-DIPT 9 
5-0CH3-DIPT 9 
Disulfiram 260 
Ditran 18, 335, 343, 354 
DMA 15 
2,4-DMA 15 
2,5-DMA 15 
DMMDA 16 
DMMDA-2 16 
DMMS 9 
DMT = N,N-dimethyltryptamine 
5-MeO-DMT 9 
DOAM 16 
DOB 16 
DOBO 16 
DOET 16 
DOl 16 
DOM = 2,5-dimethoxy-4-

methylamphetamine 
Dopamine 19, 66-68, 90, 97, 216, 217, 353 

lysergic acid diethylamide 66-68, 90 
mescaline 97 
parachlorphenylanaline 217 
psychotomimetics 19 

turnover 216, 353 
p-adreno receptor antagonists 353 
alcohol 216 

DOPR 16 
p-DOT 16 
Double blind trial, psychiatry 400, 404 
DPT = N,N-dipropyltryptamine 
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Drug abuse 112, 113, 239, 240, 249, 322, 
357,378 
p-adreno receptor antagonists 357 
alcohol 249 
barbiturates 240 
caffeine 378 
definition 239 
hypnotics 322 
lysergic acid diethylamide 112, 113 

Drug interactions 137, 141, 147, 148, 171 
alcohol 171 
cannabinoids 137, 141, 147, 148 

alcohol 148 
amphetamine 147, 148 

apomorphine 148 
barbiturates 148 
cocaine 147, 148 
ketamine 148 
methamphetamine 147 
nicotine 147 
phencyclidine 148 
propanidid 148 

psychotomimetics 46, 60, 61 
benzodiazepines 61 
p-bromolysergic acid 60 
monoaminooxidase inhibitors 61 
neuro1eptics 61 
reserpine 61 

Drug metabolism 163 
Duboisia hopwoodii 17 

use for religious purposes 17 
Dys1eptics, see psychotomimetics 
Dysphoria 187 

alcohol 187 

Eidetika, see psychotomimetics 
Ekbom's-syndrome 358 
Electroencephalogram 98, 144, 165, 308, 

310,314-316,323,334,335,354-356,373, 
393 
p-adreno receptor antagonists 355, 356 

~-power 356 
p-power 355 

alcohol 165 
anticholinergics 334, 335 
caffeine 373 

vigilance 373 
cannabinoids 144 

~-power 144 



496 

Electroencephalogram, hypnotics 308, 310, 
315, 316 

cat 310 
cortical rhythmic activity 315 
dependence 310 
evoked potentials 315 
frequency spectra 316 
rapid eye movement sleep 308 
red nucleus activity 314 
REM-sleep 308 
reticular activation 315 

psychotomimetics 98 
arousal effects 98 

quantitative 393 
psychotropic drugs, effects 393 

vigilance 323 
Electroshock 344 

alcohol 344 
Encephaline 164 
Endorphine 164 
Ergoline nucleus 10 
Ergonovine 11 
Ester-Skinner paradigm 51 
Ethanol = alcohol 
Ethchlorvynol 310 

onset of action 310 
Ethinamate 309 
Ethylalcohol, see alcohol 161 
Ethylketocyclazocine 284 
Etiology 143,241-244 

alcohol dependence 241-244 
cannabinoids 143 

Evoked potentials 146,393 
cannabinoids 146 
clinical use 393 
reticular 315 

hypnotics 315 
Eysenck personality inventory 190 

Feighner, diagnostic criteria 392 
Fetal alcohol syndrome 168 
Fixed ratio 1 schedule of reinforcement 202 
Flash back 36 
Flurazepam 309 
Food intake 142, 353, 382 

fJ-adreno receptor antagonists 353 
hypothalamic control 353 

caffeine 382 
cannabinoids 142 
hypothalamic control 353 

Formaldehyde 211 

Gastric effects 167, 168 
alcohol 167, 168 

Glutamate 312 
hypnotics 312 

G1uthethimide 309 
GMP 225 

Subject Index 

Hallucinogens, see Psychotomimetics 
Hamilton scale 393 
Harmaline 10 

pharmacologic properties 10 
Harmine alcaloids 37 

psychotomimetic effects, man 37 
serotonin antagonism 37 

Hashish 119 
concentration of tetrahydrocannabinol 

119 
Heart rate 141, 166, 334 

alcohol 166 
anticholinergics 334 
cannabinoids 141 

5-HIAA, see 5-Hydroxyindolic acid 
High pressure liquid chromatography 128 
Hippocampus 100, 335 

memory functions 100 
tetha-rhythm 335 

Histamine 167 
Hrreceptor 167 

alcohol 167 
Homicide 36 

lysergic acid diethylamide 36 
HPLC = High pressure liquid 

chromatography 
Hydroxydopamine 14 
5-Hydroxyindolic acid 63 
Hyosciamine 17 

use for religious purposes 17 
Hyoscyamus niger 17 

use for religious purposes 17 
Hyoscine 17 

use for religious purposes 17 
Hypertension 349 

fJ-adreno receptor antagonists 349 
Hypnosis 310 

anaesthesia 310 
definition 310 

Hypnotics 118, 307, 308, 310--322 
acetylcholine channel blockade 311 
acetylcholine interference 311 
barbiturates, intermediate duration 307 

amobarbital 307 
butabarbital 307 
halflife of action 307 
pentobarbital 307 
secobarbital 307 

barbiturates, long duration 307 
phenobarbital 307 

chemical groups 307 
barbiturates 307 
benzodiazepines 307 
carbamates 307 
chloral derivatives 307 
ethchlorvynol 307 
methaqualone 307 



Subject Index 

paraldehyde 307 
piperidinediones 307 

chemical structures 307 
compensatory brain mechanisms 317 
dependence 319, 320 

barbiturate-like withdrawal 319,320 
delirium tremens 319 
dizziness 319 
EEG, seizures 320 
electroencephalographic changes 320 
grand mal seizures 319,320 
insomnia 319 
involuntary twitches 319 
loss of appetite 319 
maintenance treatment 319 
nausea 319 
orthostatic hypotension 319 
tremor 319 
vomiting 319 
weakness 319 
weight loss 319 

depression 319 
detoxification mechanisms 317 
drug interactions 317 

psychotropic drugs 317 
electroencephalogram, rat 310 
euphoric effects 319 
excitatory postsynaptic potentials 311 
extensor thrust 314 
flexor reflex 314 
frequency spectra, electroencephalogram 

316 
gamma amino butyric acid, interference 

312 
glutamate interference 312 
hostility 319 
intoxication signs 319 
metabolism 319 
mode of action 315, 317 

abstinence syndrome 318, 319 
adaptive mechanisms , 317 
aggressiveness 319 
congenital influences 317 
cortical rhythmic activity, EEG 315 
developmental influences 317 
drug interaction 317 
environmental modulation 317 
excitatory influences 317 
genetic suspectibility 317 
irritability 319 
metabolic interference 317 

neuronal activity, spontaneous 311 
neuronal inhibition 312 

neuronal junction, depression 310 
cortex 310 
myoneural junction 310 
olfactory bulb 310 

spinal cord reflexes 310 
sympathetic ganglion 310 

non-medical use 322 
complex social interactions 322 
lethal intoxications 322 
motor coordination, impact 322 
physical dependence 322 

noradrenaline interference 311 
nystagmus 315 
nystagmus, postrotational 315 
patellar reflex 314 
Phillipson's reflex 314 
physical dependence 318 
pleasantness 319 
postsynaptic inhibition 312 
posttetanic potentiation 314 
prescription habits 321 

frequency compared with other 
psychotropic drugs 321 

presynaptic inhibition 312 
rapid eye movement sleep 308 
red nucleus, rhythmic activity 314 
responsivity decrease 317 
reticular activating effects 315 
reticular evoked potentials 315 
serotonin interference 311 
skin twitches 314 
sleep duration 308 
sleep onset 308 
spinal reflexes 313,314 
tolerance 308,316,318 

dose response curve shifts 318 
intracerebral injections 318 
metabolic tolerance 318 
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systematic neurologic examination 118 
vasomotor responses 314 
withdrawal syndromes 308,310 

convulsions 316 

JB-18 19 
JB-328 19 
JB-336 19 
JB-344 19 
JB-518 19 
JB-529 19 
JB-840 19 
JB-841 19 
JB-851 19 
JB-868 19 

Ibothenic acid 18 
gamma amino butyric acid antagonism 

18 
Inpea 350, 354 
Insomnia 305, 374 

druginduced 305 
Intelligence structure test 378 
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International Convention on the Control of 
Psychotropic Substances 409--411, 419, 
422,423 
animal studies on psychotropic and 

dependence producing drugs 411 
assessment of therapeutic usefullness 422 
decision making for international control 

422 
dependence, definition by "convention" 

4lO 
present status 4lO 

dependence producing liability, definition 
by convention 4lO 

Economic and Social Council, World 
Health Organization, function 409 

expert committee on drug dependence 
409 

pharmacologic studies on dependence, 
described by "convention" 419 

public health and social problems arrising 
from drug dependence 409 

therapeutic efficacy and risks to public 
health 423 

World Health Organization Expert 
Committee on Drug Dependence 409 

Intestinum 167, 168 
alcohol 167 

Ipomoea violacea 11 
Iso-lysergamide 11 
Isolysergic acid family 10 
Isolprenaline 351 

Katalepsia 143 
cannabinoids 143 

Ketamine 20, 39 
Ketocyclazocine 284 
Key tapping 375 
Kieler Determinationsgeriit 377 
Kola nut 370 
Konzentrationsleistungstest 373 
Kugeltest 377 

Learning 144 
cannabinoids 144 

Lisuride 61, 69, 93 
Liver function 167, 168, 2Il 

alcohol 167, 168, 211 
hepatotoxic effects 167, 168 

LSD, see Lysergic acid diethylamide 
Lysergic acid 10 
Lysergic acid amide 12 

derivatives 12 
Lysergic acid diethylamide II, 32, 35-37, 

61-68,90--95, 112-114 
abuse potential 113 
adenylate cyclase interaction 72 

Subject Index 

adverse effects, treatment 36 
diazepam 36 
sedation 36 
talk patient down 36 

adverse psychiatric effects 36, 37 
flash backs 36 
homicide 36 
panic reaction 36 
prolonged psychosis 36 
self-injury 37 

alpha-adreno receptor interaction, 
presynaptic 65, 67 
electrophysiological correlates 65 

autoreceptors interaction 90 
behavioral toxicity 114 
binding sites 75, 76, 90 

regional differences 76 
relative affinity compared to other 

psychotomimetics 75 
autoreceptors 90 
5-HT neurons interaction 90 

binding, stereospecific 74 
chromosome alterations 112 
chromosome breaks 37 
clandestine synthesis 112 
clinical syndrome 36 

preparation quality dependence 36 
dependence producing liability 113 
detection Il2 
dopamine, interaction 67 

dopamine metabolism 68 
dopaminergic system, interaction 66, 68 
false transmitters, postsynaptic 

membranes 62 
governmental control 112 
human self-administration 112 
limbic nuclei effects 94 
lisuride 70 

pharmacological profile, differences 70 
lisuride, comparison 93 
model psychosis II 
negative reinforcement 114 
neuronal activity 62, 90, 93-95 

amygdala neurons 90 
correlation with behavior 93 
inhibition of discharge 94 
serotonin release 62 
lateral geniculate neurons 90 
sensitizing effects 95 

noradrenaline level 66 
noradrenaline metabolism 66 
noradrenaline turnover 66 
noradrenergic system interactions 66 
paranoid reaction 36 
perceptual symptoms 35 
pharmacological effects 32 
physical dependence 112 



Subject Index 

physiologic effects, human 35 
positive reinforcement 114 
postsynaptic neuronal effects 90 

electrophysiological correlates 65 
postsynaptic receptor binding 90 
predictive value of animal experiments for 

dependence liability 112 
psychic symptoms, human 35 
psychological dependence 112 
psychological effectiveness 11 
psychotomimetic action 11 
sensitation 71 
serotonin autoreceptors 94 

preferential effects 94 
serotonin interactions 61, 62, 90 
serotonin, membrane retention 62 
serotonin, receptor binding 90 
serotonin, synthesis 62 
serotonin, turnover 61 

compartimentalization 61 
site of eNS action 68 
social factors, determining dependence 

liability 112 
somatic symptoms, human 35 
subjective effects 112 
synaptic transmitter effects 64 
time course of effects, first 60 minutes 62, 

63 
behavioral changes 62 
biochemical changes 62 
catecholamine levels 63 
5-HIAA level, brain 63 
serotonin level, whole brain 62, 63 
time dependency of effects 62 
tryptophane conversion 63 
tryptophane level, whole brain 63 

time course of effects, after 60 minutes 63, 
64 
calcium channels 4 
serotonin antagonism 63 
serotonin retention 64 
serotonin uptake 64 
tryptophane conversion 63 

tolerance 112 
tolerance, mechanism of action 71 
toxicity 36 
use in religious experiences 114 
US schedule 1 113 

assessment problems 113 
visual nuclei effects 94 

d-Lysergic acid diethylamide 75 
binding sites 75 

lysergic acid diethylamide-binding 
sites 75 

potency, mescaline units 75 
d-Lysergic acid monoethylamide 75 
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binding sites 75 
lyseric acid diethylamide-binding sites 

75 
potency, mescaline units 75 

I-Lysergic acid family 10 

Major tranquillizers, see Neuroleptics 
Mandragora officinarum 17 

use for religious purposes 17 
Marihuana 119, 122 

tetrahydrocannabinol concentration 119 
Mate 369 
MDA, see 3,4-methylenedioxamphetamine 
MDMA 14 
Melatonin 8 
MEM 16 
Memory 37, 100, 144, 186, 306, 334, 381 

alcohol 186 
anticholinergics 334 
barbiturates 306 
caffeine 381 

retention 381 
cannabinoids 144 
hypnotics 306 
longterm 381 

caffeine 381 
piperidil benzylates 37 
psychomotor stimulants 100 
retention 381 
stabilization 381 

caffeine 381 
Meperidine 278 
Meprobamate 309 
Mescaline 14, 15,32,36,65,95-97 

alpha adreno receptors 96 
biochemical effects 65 
clinical syndrome 36 
cross tolerance 95 

lysergic acid diethylamide 95 
dorsal raphe nucleus effects 95 
local anaesthetic effects 96 
locus ceruleus 97 
microiontophoretic administration 96 
monoamine transmission 97 

indirect effects 97 
neuronal activity 95, 97 

locus ceruleus 97 
serotonin neurons 95 

pharmacological effects 32 
site of action 96 
systematic administration 96 

Metabolic effects, brain 35, 57-77,90,91, 
94, 136-139, 161, 165, 166, 212-214, 227, 
307,317,336,351,353,356 
f3-adreno receptor antagonists 351, 353, 

356 
brain syndrome, acute 356 
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Metabolic, p-adreno noradrenaline turnover 
353 

oxygen consumption 353 
PI-receptor actions 351 

alcohol 161, 165, 166,209,210,212-214, 
227 
adenosine metabolism 214 
biogenic amine cyclization 227 
biosynthesis 161 
cerebral metabolism 166 
cortical effects 165 
energy metabolism 213, 214 
lactate production 212 
oxygen consumption 213 
ribonucleic acid synthesis 214 
testosteron synthesis 212 
tissue respiration 213 

anticholinergics 336 
brain syndrome, acute 356 
bufotenine 91 

blood brain barrier 91 
cannabinoids 136, 138, 139 

brain concentration 136 
hypnotics 317 

compensatory mechanisms 317 
pharmacokinetics 307 

limbic nuclei 94 
lysergic acid diethylamide 94 

lyseric acid diethylamide 66-68,75,90,94 
amygdala 90 
dopamine interactions 66-68 
limbic nuclei 94 

mescaline 65 
oxygen consumption 353 
psychotomimetics 35, 57-77 

blood brain barrier penetration 35 
electrondonation 59 
endogenous indols 58, 59 
neurotransmitter interactions 59 
serotonin interactions 58, 59 

Metabolism 128, 137-139, 161-163, 180, 
181,210,211,213,308,317 
alcohol 161-163, 180, 181 

acetic aldehyde 163, 210 
formaldehyde 211 

cannabinoids 128, 137-139 
chloral hydrate 308 

Methaqualone 307,310,317 
anticonvulsant effects 310 
antispasmotic effects 310 
antitussive effects 310 
hypnotic effects 310 
local anaesthetic effects 310 

Methiothepin 62 
Methodology 49--51, 146,246,248,289, 

290, 321, 391 
operant behavior 49, 51, 146 

schedules of reinforcement 49,51,146 

Subject Index 

stimulus properties of drugs 49, 51, 248 
psychotropic drugs 391 

clinical investigation 391 
reinforcing properties 50, 246 

alcohol 146, 246 
barbiturates 321 
hypnotics 321 
opioids 289,290 
psychomotor stimulants 50 

Methoprolol 350, 355, 357 
Methoxyamphetamines 89,97 
5-Methoxy-N,N-dimethyl-tryptamine 8,66, 

75 
lysergic acid diethylamide-binding sites 

75 
potency, mescaline units 

3-Methoxy-
4,5-methylenedioxamphetamine 34 

Methoxysalsolinol 227 
3,4-Methylenedioxamphetamine 34 
I-Methyl lysergic acid diethylamide 33 
N-Methyl-4-piperidyl-isopentinylphenylgly-

colate 334 
N-Methyl-2-pyrrolidyl-methylcyclopenthyl

phenylglycolate 343 
Methyprylon 309 
Methysergide 11, 75 

lysergic acid diethylamide-binding sites 
75 
potency, mescaline units 75 

Metrazol 246 
Michaelis-Menten-kinetics 162 
Microsomal enzymes 163 
MMDA 16 
MMDA-2 16 
MMDA-3a 16 
MMDA-3b 16 
MMDA-5 16 
MMDA = 3-Methoxy-4,5-

methylenedioxamphetamine 34 
Model psychosis 3, 11 

lysergic acid diethylamide 11 
Mood 36,37, 144, 145,319,334,372 

anticholinergics 334 
caffeine 372 
cannabinoids 144, 145 
hypnotics 319 

euphoria 319 
hostility 319 
pleasentness 319 

lyseric acid diethylamide 36, 37 
flash back 36 

Monase-M 9 
Monoaminooxidase 140 

cannabinoids 140 
Morphine 278 
Muricidal behavior 143 
Muscimol 18 
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gamma-amino butyric acid 18 
antagonism 18 

Mydriasis 334 
anticholinergics 334 

Nabilone 126, 127 
Nalbuphine 275, 275 
Nalorphine 279 
Naloxone 164,224,227,277,279 

alcohol intoxication 164 
opiate receptors 164 ' 

pure opiate antagonist 277 
Naltrexone 277 

pure opiate antagonist 277 
Narcotic agonists 278 

codeine 278 
meperidine 278 
methadone 278 
morphine 278 

Narcotic antagonists 278 
cyclazocine 278 
nalorphine 278 
naloxone 278 

Neuraminidase 223 
Neuroleptics 249 
Neuronal activity 11,65,66,90--95,97, 114, 

211,216,307,310--312,314,353,383 
alcohol 211 
hypnotics 310--312,314 

cortex 310 
excitatory postsynaptic potentials 311 
olfactory bulb 310 
posttetanic potentiation 314 
postsynaptic inhibition 312 
presynaptic inhibition 312 
spinal cord 310 
spontaneous activity 311 
sympathetic ganglion 310 

lysergic acid diethylamide 90, 93, 94 
amygdala 90 
behavioral correlates 93 
dopamine neurons 249 
lateral geniculate neurons 90 
postsynaptic neurons 90 
presynaptic neurons 65 
serotoninergic neurons 65 

mescaline 97 
psychotomimetics 92 

motoneuron excitability 92 
psylocin 91 

Negative reinforcement 114 
definition 114 

Nicetamide 11 
Nicotine 114 

positive reinforcement 114 
Nifenalo1 353 
Nitrazepam 307 

SOl 

Noradrenaline 66,97,216, 310, 311, 353, 
383 
p-adreno receptor antagonists 383 
alcohol 216 
hypnotics 311 
lysergic acid diethylamide 66 
mescaline 97 
turnover 353 

cortex cerebri 353 

Oil-water-partition coefficient 219 
alcohol 219 

Ololiuqui 11 
Operant behavior 281 

definition 281 
Opiate antagonists 276 

cyclazocine type 276 
objective identification as opiate 276 
psychotomimetic phenomena 276 
subjective identification as nonopiate 

276 
nalorphine type 

objective identification as opiate 276 
psychotomimetic phenomena 276 
subjective identification as nonopiate 

276 
Opioids 114 

causes for abuse 277,278 
low abuse liability analgesics 272 

dextromethorphane 272 
dextrophane 272 
lack of opiate-like subjective effects 

272 
lack of opiate side effects 272 
lack of opiate signs 272 

narcotic antagonists 278 
codeine, human dependence liability 

278 
cyclazocine, human dependence 

liability 278 
meperidine, human dependence 

liability 278 
methadone, human dependence 

liability 278 
morphine, human dependence liability 

278 
nalorphine, human dependence 

liability 278 
naloxone, human dependence liability 

278 
propoxyphene, human dependence 

liability 278 
partial agonists 278 

buphrenorphine, human dependence 
liability 278 

profadol, human dependence liability 
278 
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Opioids, pentazocine-like compounds 
274,278 

butorphanol, human dependence 
liability 278 

nalbuphine, human dependence 
liability 278 

pentazocine, human dependence 
liability 278 

positive reinforcing properties 114 
psychotropic effects 269-292 

addiction research center inventory of 
subjective effects 270 

barbiturate-like effects 280 
behavioral effects in animals 281 
behavior maintained by scheduled 

presentation of food 285 
behavior maintained by titration of 

electric shock intensity 287 
behavioral suppression by scheduled 

delivery of electric shock 287 
blockade by narcotic antagonists 282 
buprenorphine, barbiturate-like effects 

280 
buprenorphine, effects 274 
butorphanol, barbiturate-like effects 

280 
butorphanol, effects 275 
cyclazocine, discriminative stimulus 

effects 283 
cyclazocine, effects 280 
cyclazocine, identification as non

opiate 270 
cyclazocine, psychotomimetic effects 

279 
cyclazocine, subjective identification as 

non-opiate 270 
ethylketocyclazocine, discriminative 

stimulus effects 284 
ketamine, discriminative stimulus 

effects 284 
ketocyclazocine, barbiturate-like 

effects 280 
ketocyclazocine, discriminative stimulus 

effects 284 
morphine, effects on schedule controlled 

behavior 290 
morphine, opiate-like effects 273 
motor ataxia 269 
nalbuphine, barbiturate-like effects 

280 
nalbuphine, effects 275 
nalorphine, discriminative stimulus 

effects 284 
nalorphine, psychotomimetic effects 

279 
naloxone, psychotomimetic activity 

279 

Subject Index 

objective identification as opiates, 
chronic administration 275 

operant behavioral effects 281 
opiate antagonists, effects in non

dependent subjects 276 
opiate antagonists, effects on schedule 

controlled behavior 285, 291 
opioid antagonists, discriminative 

stimulus effects 281, 282 
opioids, effects in tolerant subjects 271 
pentazocine, barbiturate-like effects 

280 
pentazocine, discriminative stimulus 

effects 283 
pentazocine, opiate-agonist-like effects 

274, 275 
phencyclidine, discriminative stimulus 

effects 284 
profadol, opiate-like effects 273 
propiram, opiate-like effects 273 
psychotomimetic effects 279 
psychotomimetic effects, correlation 

with sigma receptor binding 279 
relative dependence producing 

capacities 278 
requests for increased doses 269 
satisfaction 269 
sedation 269 
self-administration 289, 292 
single dose questionaires 269, 271 
SKF 10.047, discriminative stimulus 

effects 284 
slurring speech 269 
sophisticated use by dependent 

subjects 273 
stereospecificity of stimulus control 

282 
subjective changes 269 
subjective identification as non-opiates, 

chronic administration 275 
talkactiveness 269 
tolerance to behavioral effects 288 
use of subjects with no drug experience 

273 
~-receptors 279 
sigma receptors 279 

Overtone-Meyer's theory 162 
Oxidoreductase 162 
Oxprenolol 350, 354, 357 

Pancreatitis 167 
alcohol 167 

Panic reaction 36 
lysergic acid diethylamide 36 

Parachiorphenylalanine 58, 217, 218 
alcohol 217 

acetylcholine release 218 
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dopamine receptor sensitivity 217 
reduction of intake 217, 218 
tryptophane hydroxylase 217 

Paraldehyde 310 
Parkinson's disease 343, 348, 358 

p-adreno receptor antagonists 358 
anticholinergics 343 
neuroleptics 348 
phenothiazines 348 

Partial agonists 278 
buphrenorphine 278 
profadol 278 
propiram 278 

PCP = Phencyclidine 38, 114 
Pentazocine 275 
Pentazocine-like agents 274, 278 

butorphanol 278 
nalbuphine 278 

Pentobarbital 307, 308, 313-315 
Perception 48, 49, 101, 166, 334 

alcohol 166 
amphetamine 10 1 
anticholinergics 334 
psychotomimetics 48, 49 

Performance 380 
caffeine 380 
y-maze 380 

Peripheral vascular resistance 166, 213 
alcohol 213 

vasodilation 166 
vascular tone 213 

Petrzilka synthesis 124 
Phantastica, see Psychotomimetics 
Pharmacokinetics 136, 161, 163, 180, 307 

alcohol 161, 163, 180 
acetic aldehyde 163 
blood brain barrier 163 
blood level 166, 179 
brain level 163 
zero order function 162 

barbiturates 307 
halflife 307 

cannabinoids 136 
hypnotics 307 
psychotomimetics 60 

plasma halflife 60 
Phencyclidine 38-42 

analgesic effects 38, 40 
antidote 41 
cholinergic antagonism 40 
clinical symptoms 41 
duration of action 40 
excretion 42 

acidification 42 
history 38 
illicit synthesis 39 
legal control 39 

locomotor activity, rodents 40 
neurophysiological effects 40 
neurotransmitter interactions 40 
overdose effects 41 
positive reinforcing properties 114 
psychotomimetic effects 38 
self-administration, monkeys 40 
stimulus discriminative properties 40 
street use 38, 40 
sympathicomimetic effects 40 

Phencyclidine derivatives 20 
Phenethylamines 14, 15 

substituted derivatives 15 
Phenobarbital 307 
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