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The Comparative Pharmacology of Some
Psychotropic Drugs*

ERIK JACOBSEN 1

Interest in the mode of action of the psychotropic drugs has been growing rapidly
during the last few years and at the same time the number of compounds known to be
capable of affecting the higher centres of the central nervous system has greatly increased.
The diversity ofpsychic and somatic effects produced by these drugs, the fact that they may
have similar effects on some functions but opposite effects on others, and the lack of a
precise and universally accepted terminology to describe these properties have led to much
confusion and thwarted attempts to arrive at a satisfactory classification. As a contribu-
tion to a clearer understanding of the relationships between the psychotropic drugs the
author of this review has undertaken a systematic examination of the effects of a number
of the better known compounds on the various levels of the central nervous system. The
antagonistic and synergistic effects of giving the drugs in combination are also discussed,
as well as the possible relationships between the central effects and certain " basic " effects
on somatic functions. Although the picture revealed is a very complex one and there are
still many gaps, it is possible to recognize a number of characteristic types of psychotropic
drug on the basis of which a system of classification may be developed.

INTRODUCTION

Compounds having a pharmacodynamic effect
on the higher functions of the central nervous
system are called psychotropic.

Psychotropic compounds with many different
effects have been known for a long time. They in-
clude, for example, such drugs as morphine, strych-
nine, caffeine, the hypnotics (chloral hydrate, the bar-
biturates, bromides, etc.), mescaline, bulbocapnine,
and the amphetamines. A more thorough knowledge
of the physiology of the central nervous system
(CNS) has led to a better understanding of the mode
of action of the psychotropic compounds. More-
over, since a6out 1950, a large number of new
compounds producing psychotropic effects have
been added, and owing to their clinical significance,
these have been better examined than the older,
well-known compounds. It is now known that the
various compounds have basically different effects
and thus act at different levels of the CNS, but in
spite of intense experimental work the biochemical
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or biophysical basis for the pharmacodynamic
effect on the cells in the CNS is still obscure. For
this reason, the pharmacology of the psychotropic
compounds is mainly descriptive.

In the following pages, the effects of the com-
pounds on the different levels and different functions
of the CNS will be described. The main stress will
be laid on physiological, psychological, and pharma-
cological experiments in animals. Observations
on human subjects will also be mentioned, but only
in so far as they have the character of experiments.
As a rule, observations of a more clinical nature
will be disregarded if they do not contribute to the
understanding of a pharmacodynamic effect.

In the concluding sections the various groups of
compounds and the possible relationships between
their central effects will be discussed.

EFFECTS ON SPINAL EFLEXES

One well-characterized group of drugs is able to
inhibit the polysynaptic reflexes, of which the most
commonly examined are the flexor reflexes and the
crossed extensor reflexes. These can be measured
mechanically, but electrical registration has also
been used: when an electrical stimulus is applied
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to a cutaneous nerve (e.g., the sural nerve), the
polysynaptic reflex, if present, manifests itself as an
asynchronous irregular discharge appearing in the
ventral root after 4-5 milliseconds and persisting
for 10 milliseconds or more. The latter method
has the advantage that the dosage of the stimulus
and the measurement of the reaction are more exact.
The first drug shown to block the polysynaptic

reflexes was mephenesin 1 (Berger, 1947). Later,
other compounds with the same properties were
found, another example being meprobamate.

All compounds of this type are able to inhibit
the polysynaptic reflexes completely in doses which
leave the monosynaptic spinal reflexes absolutely
uninfluenced. For example, the flexor reflex is abol-
ished after 30-40 mg/kg of meprobamate intra-
venously (Berger, 1954; Hendley et al., 1954) while
no effect is seen on the knee-jerk reflex after 80
mg/kg. With more refined methods, a slight in-
hibiting effect has been also demonstrated on the
monosynaptic process (Latimer, 1956) and it has been
suggested that it is the summation of this limited
inhibition of every single synapse in the polysynaptic
processes that leads to the total inhibition found
there. If such an inhibition is present, however, it
must be of a different nature from the inhibition
seen after anaesthetics, e.g., barbiturates.
The polysynaptic reflexes are not all equally

sensitive. The linguo-mandibular reflex is less
sensitive than other polysynaptic reflexes. This is
a polysynaptic bulbar reflex which can be demon-
strated in the cat preparation by faradic stimulation
of the root of the tongue. The stimulation results
in movements of the mandible. 50-80 mg/kg of
meprobamate are required to abolish the linguo-
mandibular reflex, whereas only half this dose is
necessary in order to abolish the flexor reflex
(Hendley et al., 1954; King & Unna, 1954).
The knee-jerk reflex can befacilitated, for example,

by simultaneous irritation of the contralateral
sciatic nerve or by irritation of the pontine part of the
reticular system. On the other hand, it is inhibited
by simultaneous irritation of other parts of the
CNS. As a general rule, both facilitation and
inhibition of this monosynaptic reflex are abolished
after administration of drugs inhibiting the poly-
synaptic reflexes. Smaller doses are required to
inhibit the influence of irritation of the more rostral
parts of the CNS than are required when the more
caudal parts are irritated. Thus Henneman et al.

1 Formulae and names of the compounds discussed will be
found in Annex 1 (p. 474) and Annex 2 (p. 489).

(1949) found that 25-30 mg/kg of mephenesin were
necessary to abolish the inhibition of the knee-jerk
reflex after irritation of the bulbar reticular forma-
tion, 25 mg/kg after irritation of the caudate nucleus,
and 12 mg/kg after irritation of cortical areas.

Decerebration rigidity is abolished by mephen-
esin even in doses smaller than those required to
inhibit some of the polysynaptic reflexes. 10mg/kg of
mephenesin intravenously inhibit the clonus and
rigidity of the decerebrated cat and normalize the
pillar-like rigidity in the decerebrate preparation
after ablation of the anterior cerebellar lobe (Henne-
man & Scherrer, 1949). However, the compounds
are not effective in Parkinsonian rigidity.
As mentioned in every textbook on pharmacology,

strychnine is able to facilitate the polysynaptic
reflexes enormously. Moreover, lysergic acid
diethylamide (LSD) in doses of 10 ,tg/kg i.v. greatly
facilitates the polysynaptic reflexes in spinal cats
(Weidmann & Cerletti, 1957), although this com-
pound does not cause general convulsions.
The compounds which are able to inhibit the

polysynaptic reflexes are also able to antagonize the
effect of strychnine and thus decrease its toxicity
considerably. Berger (1947) found that one-fourth
of the lethal dose of mephenesin was capable of
ensuring 100% survival in mice after the administra-
tion of twice the lethal dose of strychnine. Mepro-
bamate also prevents strychnine-induced convulsions
in about the same doses as required for mephenesin.
The same group of drugs also exerts a protective

action against convulsions induced by other means.
Both mephenesin and meprobamate inhibit the
convulsions that normally occur after pentetrazol.
However, the ratio between the protective dose
against pentetrazol and that against strychnine
seems to vary from compound to compound. The
ratio between the doses necessary to make mice
survive 120 mg/kg of pentetrazol and 2.5 mg/kg of
strychnine is about 1 for mephenesin and about
4-5 for meprobamate. Thus, the protection afforded
by meprobamate against pentetrazol, which has an
effect on the higher levels of the CNS, is relatively
much better than that against strychnine (Berger,
1954). Other compounds have not been compared
in a similar way. However, 2-amino-6-chlorobenzo-
thiazole (SKF 1216) does not protect against metra-
zol seizures in doses up to those giving toxic
manifestations, although it has an effect on the
polysynaptic reflexes that is more intense and of
longer duration than that produced by mephe-
nesin.



COMPARATIVE PHARMACOLOGY OF SOME PSYCHOTROPIC DRUGS

An inhibiting effect on electroshock seizures has
also been found. However, to prevent the extensor-
tonic seizures in mice it is necessary to give twice
the dose of mephenesin and 5 times the dose of
meprobamate required to protect against pentetrazol
seizures. Thus, quantitative differences between
the various compounds are also found here (Berger,
1954).

It is well known that a number of antiepileptics
are also capable of increasing the threshold for
pentetrazol and for electroshock seizures. In spite
of the fact that mephenesin and especially mepro-
bamate share this capacity with the antiepileptics,
they have little effect on clinical epilepsy, whether
of the grand mal or the petit mal type. Obviously,
the mechanisms on which the antiepileptic effect
depends are substantially different from those
involved in the suppression of the polysynaptic
processes by mephenesin and meprobamate. In
animal experiments, an antiepileptic drug cannot
be characterized as such and distinguished from
other compounds solely on the basis of its ability
to prevent pentetrazol or electroshock seizures, but
other more refined methods must be used (cf. Bern-
hard et al., 1956a, 1956b). Such methods have not
yet been applied to the study of the compounds
mentioned here.
The compounds known to have the capacity of

inhibiting the polysynaptic reflexes and antagonizing
certain types of convulsions belong chemically to

three distinct groups. In the first group are some
dihydroxypropane derivatives or the corresponding
carbamates. The best-known compounds of this
type are mephenesin, meprobamate and phena-
glycodol. Several others are described by Berger
et al. (1956a) who give a number of earlier references.
Another group comprises benzoxazole derivatives,
examples of which are 2-amino-6-chlorobenzothia-
zole (SKF 1216) and zoxazolamine (Funderburk
& Woodcock, 1955a). Finally, there are some
substituted metathiazanones, some of which are
almost as potent as meprobamate (Gesler & Surrey,
1958).
In Table 1, the effects of three compounds of the

propane series are compared with those of a barbitu-
rate and an antiepileptic. In each case, the dose
necessary to prevent the flexor reflex has been taken
as unity and the doses necessary to give the other
effects related to it. Although the figures are taken
from different sources and must therefore be regarded
with the utmost caution, they indicate clearly that
the compounds differ in their effects. The dose of
barbiturate which abolishes the polysynaptic
reflexes will also abolish the monosynaptic reflex.
The effect of mephenesin, meprobamate and phena-
glycodol seems rather restricted to the polysynaptic
processes.
The antagonism to convulsive agents does not

run parallel to the inhibiting effect on the poly-
synaptic processes. Even within the same chemical

TABLE 1
RELATIVE EFFECTS OF SOME PSYCHOTROPIC COMPOUNDS ON A SERIES OF INTERNEURONAL FUNCTIONS

Function Mephenesin Meproba- Pheno- Pento- Dyphenylmate glycodol barbital hydantoin

Knee-jerk reflex ..... . . . . . . . . . . . . . . 0 0 0 1 C

Flexor reflex . 1 . 1 . . a| c

Preventing death from strychnine .... . . . . . . 1/8 1/4 0

Preventing death from pentetrazol .... . . . . . 1/8 1 1/2 b ++

Preventing tonic extensor component in electroshock 1/16 1/5 1/3 b 1/8 d +

Effect on epilepsy ..... . . . . . . . . . . . . 0 0 + b 0 +

* The ratios may easily vary by 50-100% a Slater et al. (1956)
b Gruber & Mosier (1957)

c Preston (1956)
dShallek et al. (1956)
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group of compounds, the anticonvulsive effects
against electroshock seizures and against pentetra-
zol seizures do not show any correlation. This
has been shown by Berger et al. (1956a) with a
series of derivatives of meprobamate, and by Good-
man et al. (1953) with a series of antiepileptics.

It can be definitely stated that most psychotropic
drugs of other types have no similar inhibiting
effect on the polysynaptic reflexes, e.g., reserpine,
although it enhances the spinal reflexes (Schneider
et al., 1955b). Benactyzine is also without effect
on the polysynaptic reflexes (Berger et al., 1956 b).

Generally, chlorpromazine is without effect on
the mono- or polysynaptic reflexes unless given in
very high doses (32 mg/kg), when a slight inhibition
of the cerebral potentiation of the knee-jerk reflex
is found (Preston, 1956). A slight inhibition of the
effect of irritating the descending tracts in the
reflexes has also been observed by Dasgupta &
Werner (1955), but this effect was limited and was
not increased by further increase in dose. The
effects of the other compounds on induced convul-
sions have not yet been fully elucidated, but the
following statements are generally accepted.

Chlorpromazine has no effect on strychnine, picro-
toxin and cocaine convulsions (Meidinger, 1956).
According to Schallek et al. (1956) it does not
protect against pentetrazol convulsions, although
Balestrieri (1955) found that it gave slight protec-
tion. After doses of 10 mg/kg, the threshold for
electroshock seizures is somewhat decreased in
normal rats, but not in adrenalectomized rats
(Heming et al., 1956). The high dose of 150 mg/kg
by mouth somewhat diminished the hind-limb
extension phase during electroshock seizures in rats.
It seems that the different phenothiazine derivatives
differ to some extent in their effects on the seizure
threshold. Promazine, promethazine, and mepazine
lower the threshold. No effect has been observed
after prochlorperazine and triflorperazine (up to
17-18 mg/kg orally). With chlorpromazine a lower-
ing of the threshold was found after 9 mg/kg (orally).
The maximum lowering of the threshold (20%) was
found after 13.5 mg/kg. With larger doses the
threshold was increased again, and it showed no
change from normal after 27 mg/kg orally (Tedeschi
et al., 1958).
As to reserpine, no protecting effect against

strychnine convulsions has been observed (Tripod
et al., 1954;-Chen et al., 1954; Chen & Bohner, 1956).
The threshold for pentetrazol and electroshock
seizures is decreased (Chen et al., 1954). Another

of the " irritating" effects of reserpine is its ability
to convert the clonic convulsions provoked by
camphor into tonic seizures. Reserpine is able to
counteract the antagonizing effect of diphenyl-
hydantoin, phenobarbital and, to a lesser degree,
mephenesin against pentetrazol convulsions, but is
unable to influence the antagonizing effect of mephe-
nesin against strychnine convulsions (Chen &
Bohner, 1956). The effects of reserpine will be
discussed later in another context.

Benactyzine decreases the sensitivity to electro-
shock (Berger et al., 1956b), but not in all doses.

Summary
Some compounds have the ability to inhibit cer-

tain polysynaptic reflexes. This ability is certainly
correlated with the ability to abolish facilitation or
inhibition of other reflexes and to antagonize the
effect of strychnine.
Most of the compounds showing this effect are

also able to antagonize convulsions of other origin,
e.g., after pentetrazol or during electroshock. But
the correlation between the effect on polysynaptic
reflexes and the anticonvulsive effects is so poor
that no direct relation can be assumed.
Compounds such as chlorpromazine, reserpine,

and benactyzine have only little effect on the reflexes
or on the induced convulsions.

EFFECTS ON THE LOWER CENTRES (BULBAR, MESO-
AND DIENCEPHALIC)

Some of the psychotropic compounds have pro-
nounced effects on certain functions which are
known to be regulated from lower centres of the
CNS. The field is far from being so well studied
that a systematic description is possible, but some
of the effects are characteristic of certain groups of
compounds. The best-known and most character-
istic effects are those on the central vomiting mecha-
nism, the mechanism involved in the development
of motion sickness, the central cardiovascular
regulation, other sympathetic manifestations, heat-
regulation, and appetite.

Effects on vomiting
In dogs, chlorpromazine is able to inhibit the

emetic effect of apomorphine. The effect is rather
specific and can be seen after the injection of only
0.1 mg/kg subcutaneously (Schallek et al., 1956).
After 1 mg/kg, the effect of 0.1 mg/kg apomorphine
is practically abolished (Courvoisier et al., 1953).
As chlorpromazine is not able to prevent vomiting
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after copper sulfate and other emetics of this type,
it is presumed that chlorpromazine has no effect
on the vomiting centre proper, but only on the
specialized chemoreceptor trigger zone which serves
as a receptor site for certain central emetic agents
(Brand et al., 1954). It is interesting to note that
the emetic centre is situated in the dorsal portion
of the lateral reticular formation of the medulla
oblongata, while the trigger zone is situated still
more dorsally and more superficially (Borison &
Wang, 1953). The antiemetic effect of chlorproma-
zine has not been observed in cats, but in man it is
well established clinically. A similar antiemetic
effect is also exhibited by some derivatives of
chlorpromazine, e.g., prochlorperazine. No correla-
tion is found between other central effects and the
antiemetic effect within the group of phenothiazines
(Courvoisier et al., 1957).
A number of other compounds also antagonize

the effect of apomorphine, but their action is not
quite so specific. With reserpine (Malthora &
Sidhu, 1956), methyprylon, and pentobarbital
(Schallek et al., 1956) the doses needed are so high
that other effects are also seen. Hydroxyzine is also
able to inhibit the effect of apomorphine, although
fairly high doses have to be used (20 mg/kg sub-
cutaneously). After still higher doses (40 mg/kg)
the effect of Veriloid is also abolished, which suggests
that there is also a direct effect on the vomiting
centre proper. Chlorpromazine has no effect on the
vomiting centre after veriloid.

Motion sickness

Since the discovery that salts of diphenhydramine
were able to protect against motion sickness, several
other compounds have been found to have this
property. The question is rather complicated,
however, and pronounced species differences are
found. Chlorpromazine protects dogs against
vomiting induced by swinging (Cook & Toner, 1954),
but has little effect against seasickness in man
(Handford et al., 1954), although it seems to be
useful clinically in the treatment of other forms of
vomiting and nausea.
The mode of action of the anti-motion-sickness

compounds has not yet been elucidated, but it seems
to be central and is probably an interference with
the connexion between the vestibular nuclei and
other nuclei. This is suggested, for example, by the
fact that a clinical effect is also found in other
vestibular or central disturbances that cause dizzi-
ness or nausea (Gay, 1951). There is no correlation

between the antagonism to apomorphine and the anti-
motion-sickness action. Some of the effective drugs,
especially diphenhydramine, cause pronounced
drowsiness in man when given in clinical doses,
while others do not. There is thus no correlation
between the "sedative" effect and the effect on
motion sickness. A little better correlation is found
between the effectiveness of the drugs against Parkin-
sonism and their ability to prevent motion sickness,
but here, too, drugs with a strong anti-Parkinson
action have been found without effect on motion
sickness and vice versa. Some observations suggest
that the anti-motion-sickness effect is in some way
connected with the anti-cholinergic effect of these
drugs, but not all centrally acting anticholinergic
drugs are effective against motion sickness. For the
sake of completeness it must be mentioned that the
antihistaminic effect found among several compounds
of this type has no relation to the anti-motion-
sickness effect. The question has been discussed in
detail by Chinn & Smith (1955) who give a com-
prehensive list of references.

Cardiovascular effects
Some of the depressant drugs have a cardiovascu-

lar effect, especially on the blood pressure. This is
due mainly to a direct effect on the heart, arterioles
or capillaries. The possibility has also been dis-
cussed that the effect on the blood pressure is caused
partly by an effect on the cardiovascular centres.
Courvoisier and her collaborators (1953) found that
the pressor responses to stimulation of the ventral
end of the cut vagus and to occlusion of the carotid
arteries are inhibited by chlorpromazine. This
might indicate a central effect, but the possible
effect is masked by the pronounced antiadrenergic
peripheral effect of chlorpromazine which would
abolish the peripheral effect of the released nor-
epinephrine.' A possible central effect is suggested,
however, by the fact that chlorpromazine (50-100 jtg/
kg) injected intracisternally in monkeys causes a fall
in blood pressure and suppression of the carotid
sinus reflexes (Dasgupta & Werner, 1954).

Reserpine has been found to produce a peripheral
adrenergic blockade (Ablad, 1957). The vessels of an
experimental animal pretreated with reserpine react
normally to epinephrine and norepinephrine,l but

I " Adrenaline " and " noradrenaline ", the British
Pharmacopoeia names for these compounds, are in common
use in many countries. The names " epinephrine " and
" norepinephrine " are used here, however, because in certain
countries the name " Adrenalin " is a trademark.
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do not react to stimulation of the sympathetic
nerves. This phenomenon is due to the fact that
the chemical transmitters, the catecholamines, are
expelled from the organism by reserpine (Carlsson
et al., 1957a, 1957b). A similar explanation might
also be advanced for the fact that 0.3-0.5 mg/kg of
reserpine abolishes the reflex pressor response to
stimulation of the central end of the cut vagus or to
occlusion of the carotids (Plummer et al., 1954).
However, some earlier experiments indicate that a
central effect of reserpine on the blood pressure
might also be present. Bhargava & Borison (1957)
found reserpine effective only on the higher centres of
the CNS and not on the spinal cardiovascular
centres. Bein (1955) showed that section of the
brain-stem immediately caudal to the quadrigeminal
bodies partly abolished the inhibiting action of
reserpine on the carotid sinus reflexes. This sug-
gests that at least some of the effect of reserpine on
the cardiovascular system is mediated through the
higher cardiovascular centres, presumably in the
hypothalamus. The effect on the blood pressure of
direct electrical stimulation of various sympathetic
centres in the cortex (Bein, 1955), or in the hypotha-
lamus (Schneider, 1955) is uninfluenced by reserpine.
It must therefore be assumed that reserpine causes a
central inhibition of the afferent influences which
normally stimulate sympathetic activity, rather than
that it acts directly on the central sympathetic
structures. The central effect of reserpine on the
cardiovascular system seems to be connected with
the depressing effect of reserpine on all cerebral
centres.

Lysergic acid diethylamide (LSD 25), which in
many respects has an action directly opposite to
reserpine (or chlorpromazine), also lowers the blood
pressure owing to its action on the vasomotor
centre. The fall in blood pressure seems to be due
to a central vagus stimulation (see the review by
Rothlin (1957) with further references).

Effects on the sympathetic centres

The general tone of the sympathetic nervous
system is depressed by reserpine. In dogs, for
example, reserpine produces a long-lasting miosis,
even after small doses. The effect must be central,
because it is not seen after ablation of the ciliary
ganglion. The nictitating membrane of dogs and
cats is relaxed. In mice, rats and rabbits, reserpine
causes a peculiar active ptosis of the eyelids. Further-
more, a pronounced brachycardia is observed after

reserpine in all animals examined (Plummer et al.,
1954).

The effect of chlorpromazine on the sympathetic
system is less pronounced, and, as mentioned above,
it is difficult to distinguish between a peripheral
anti-adrenergic action and a central depression of
the sympathetic centres. An indirect method of
examining the possible effect of chlorpromazine on
the sympathetic hypothalamic centres was em-
ployed by Holzbauer & Vogt (1954). When mor-
phine is given to cats the hypothalamic centres are
stimulated. This results in a depletion of the
catechol amines in the adrenal medulla and in a
depletion of norepinephrine in the hypothalamus.
Another sign of hypothalamic irritation is the de-
pletion of adrenal ascorbic acid in rats owing to re-
lease of adrenocorticotrophic hormones after stress.
Chlorpromazine does not protect against these signs
of hypothalamic irritation. The extent to which the
sympathetic centres in the hypothalamus are speci-
fically inhibited by chlorpromazine still remains an
open question.

Sham rage is the name given to a state in which
the whole sympathetic system is suddenly violently
aroused. It is generally found in cats and is mani-
fested by pilo-erection, maximal dilatation of the
pupils, retraction of the nictitating membranes, etc.
The state is also accompanied by other signs of
feline rage, e.g., showing the claws and hissing.
Sham rage is easily provoked by slight noxious
irritation of decerebrated cats. Dasgupta et al.
(1954) found that as little as 0.25 mg/kg of chlor-
promazine intravenously could prevent such an
outburst of sham rage in the decerebrated cat. This
dose has no effect in intact cats, which require
2-5 mg/kg in order to suppress the reaction to
nervous stimuli. Sham rage can also be provoked
in other preparations, e.g., after bilateral superficial
incision of the base of the frontal lobe. In such
animals, Dasgupta et al. (1954) found similar large
doses of chlorpromazine were necessary to prevent
the reaction. These experiments indicate strongly
that at least some diencephalic centres are suppressed
by chlorpromazine. Reserpine is also able to
suppress sham rage in decorticated cats, but it does
not seem to prevent the outburst entirely (Schneider
et al., 1955a).
The sympathetic centres in the diencephalon do

not seem to be suppressed specifically by compounds
of other types than reserpine, chlorpromazine, and
some of their derivatives.
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On the other hand, LSD produces various
clear-cut symptoms of central sympathetic stimula-
tion. Dilatation of the pupils, increase of the blood-
sugar (due to release ofepinephrine) and pilo-erection
are seen in various animals after LSD. In this, as in
many other respects, the action of LSD is directly
opposite to that of reserpine (Rothlin, 1957).

Heat regulation

A number of psychotropic compounds have a
definite effect on the body temperature. Rabbits,
rats, mice, guinea-pigs and dogs show a drop in
body temperature of 2°-6°C, according to species
and environmental temperature, after administra-
tion of 1-2 mg/kg of chlorpromazine. Prometh-
azine must be administered in doses of 50 mg/kg
in order to obtain the same effect (Courvoisier et al.,
1953). Other phenothiazine derivatives also have a
similar effect on the body temperature. This effect
does not in all cases run parallel to other central
pharmacological effects of the phenothiazine deriva-
tives of the chlorpromazine type. For example,
methotrimeprazine is almost three times as effective
as chlorpromazine in lowering the temperature, but
has an almost identical anti-apomorphine effect. On
the other hand, prochlorperazine has only half the
hypothermic effect of chlorpromazine, but 4 times its
anti-apomorphine effect (Courvoisier et al., 1957).

Reserpine also causes a decrease in body tem-
perature in mice, rats, guinea-pigs, cats, dogs and
monkeys. At high environmental temperatures, an
increase in body temperature can be observed after
reserpine. This indicates the breakdown of the
mechanism regulating the body temperature (Bein,
1956).
Some other types of depressive psychotropic

drugs may lower the body temperature. Meproba-
mate in a dose of 100 mg/kg is reported to cause a
fall of 2°C in rabbits (Berger, 1954) and hydroxyzine
(25 mg/kg) a fall of 1.6°C in rats (Levis et al., 1957).
Benactyzine (20 mg/kg) had no effect on the body
temperature of rabbits (Larsen, 1955).

Chlorpromazine (Courvoisier et al., 1953) and
meprobamate (Berger, 1954) seem to act as true
antipyretics and relatively small doses are capable of
reversing the body temperature increase after
treatment of rabbits with pyrogens. Bein (1956)
states that no real antipyretic action is apparent after
reserpine in the rabbit, and hardly any in the rat.
A number of the excitatory psychotropic drugs

cause an increase in body temperature. This is a
well-known property of tetrahydronaphthylamine,

cocaine, and the amphetamines. With these com-
pounds, the effect seems to arise from a combina-
tion of a peripheral vasoconstrictor effect and a
central excitatory effect (Jacobsen, 1938), but
methylphenidate, which has little peripheral effect,
also causes hyperthermia in the normal monkey
(Plummer et al., 1957). Most of the compounds
causing hyperthermia are sympathomimetics.
LSD also increases the temperature of cats, dogs,

and rabbits, while rats show an increase only after
very high doses (Rothlin, 1957). Mescaline in doses
of 50 mg/kg s.c. increases the body temperature of
rabbits (Pletscher, 1957b).

Other possible diencephalic effects
A number of clinical symptoms observed after

administration of psychotropic drugs seem to con-
cern functions known to be influenced by centres in
the diencephalon, namely, in the thalamus or hypo-
thalamus. However, very few systematic experiments
have been made in this field.

Effects on appetite
Clinical experience has shown that treatment with

chlorpromazine and reserpine is frequently followed
by increased appetite and a gain in weight. In
contrast to this, some stimulating drugs, especially
those belonging chemically to the amphetamine
group, reduce the appetite, and some of them are
used clinically to reduce the body weight. The
appetite-reducing effect and the central stimulating
effect run parallel to each other within the ampheta-
mine-group (Jacobsen, 1939). A similar reduction in
appetite is seen after mescaline and LSD. The
two more recently developed stimulating drugs,
phenidylate and pipradrol, do not seem to have any
pronounced effect on the appetite.

The endocrine system
Several clinical reports have mentioned the

influence of some psychotropic drugs on the endo-
crine system. The most interesting examples are
lactation after the administration of reserpine and
the inhibition of the effect of thyroid hormone.
Some of these effects might be explained as peri-
pheral actions (e.g., antagonism to the thyroid
gland) and others as mediated through a central
diencephalic effect (e.g., lactation and menstrual
disturbances).
A few animal experiments have also been per-

formed.
Inhibition of the sexual function by drugs has

been examined several times. Atropine and dibena-
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mine (an adrenergic blocking agent) are able to
suppress the neurogenic stimulation of the hypo-
physis and thus prevent post-coital ovulation in
rabbits (Sawyer et al., 1949) and regular ovulation
in rats (Everett & Sawyer, 1953), although rather
high doses are necessary. Barbiturates and morphine
have the same effect (Everett & Sawyer, 1950).
In doses having this blocking effect on stimulation
of the hypophysis, all compounds, with the exception
of reserpine (Barraclough & Sawyer, 1957), also
blocked the electroencephalographic (EEG) arousal
syndrome in rats (Sawyer et al., 1955). Reserpine,
chlorpromazine, promethazine, phenaglycodol,
meprobamate, phenobarbital, ethyl alcohol, the
adrenolytic agent N-(9-fluorenyl)-N-ethyl-f-chloro-
ethylamine (SKF 501) and atropine cause persistent
dioestrum in mice when administered in food and
water in amounts that do not affect growth
(Cransten, 1958). Reserpine is able to suppress
ovulation and menstruation in monkeys (Feo &
Reynolds, 1956).
On wild hares in captivity, Miline et al. (1957)

were able to show characteristic changes in the
morphology of the cells in the supra-optic and para-
ventricular nuclei when the animals were exposed
to emotional stress (dogs barking in front of their
cages). These changes were followed by histo-
morphological changes in the hypophysis. Further
findings were hyperactivity of the thyroid gland and
involution of spermogenesis. The changes described
were found to be abolished when the animals were
treated with reserpine (0.05 mg/kg daily) or pheno-
barbital (15 mg/kg).
Under various forms of stress (heat, cold, pro-

longed anaesthesia, etc.), the ascorbic acid content
of the adrenals is decreased. This mechanism is
apparently of central origin. Mafouz & Ezz (1958)
found that 2 mg/kg of chlorpromazine and 8
iLg/kg of reserpine (i.m.) could prevent the depletion
of ascorbic acid in the adrenals.

Rabbits given a single injection of reserpine
(1 mg/kg i.v.) showed at least a 5-fold increase in the
prolactin content of the hypophysis as compared
with untreated controls (Meites, 1958).
The important question of the influence of the

psychotropic agents on the endocrine centre of the
CNS has unfortunately not been systematically
investigated.

Summary

Some psychotropic drugs have characteristic
effects on certain somatic functions regulated from

medullar, mesencephalic or diencephalic nerve
centres.

Chlorpromazine depresses the trigger zone of the
vomiting centre.
Some benzhydrol and phenothiazine derivatives

abolish or diminish the symptoms of motion sick-
ness.
The centres of cardiovascular regulation are

depressed by reserpine (and perhaps to a certain
degree by chlorpromazine).
The sympathetic centres are depressed by reser-

pine.
Lysergic acid diethylamide (LSD) activates the

sympathetic centres.
Sham rage is inhibited by chlorpromazine.
Chlorpromazine and reserpine, and to a minor

degree meprobamate and hydroxyzine, decrease the
body temperature.

Chlorpromazine and meprobamate act as true
antipyretics.
Amphetamines, cocaine and LSD increase the

body temperature.
Chlorpromazine and reserpine increase the appe-

tite and cause a weight gain.
Amphetamines, mescaline and LSD decrease the

appetite.
Some of the endocrine centres are depressed by

certain psychotropic compounds, especially by
chlorpromazine and reserpine.

EXTRAPYRAMIDAL EFFECTS

The clinical use of chlorpromazine and reserpine
may give rise to extrapyramidal symptoms as " side-
effects ". These symptoms were already seen by the
early investigators ; they are generally described as
resembling the classical Parkinson syndrome-
oculogyric crises included-together with various
dystonic motor aberrations, and/or motor restless-
ness. As is well known, the extrapyramidal symptoms
are reversible and disappear when the medication is
decreased or discontinued. They can also be
effectively treated with the usual anti-Parkinson
remedies. It seems, however, that some of the cen-
trally acting anticholinergic drugs (e.g., benzatropine
methane sulfonate) are somewhat more effective in
these cases than in Parkinsonism not provoked by
drugs (Himwich & Rinaldi, 1957b).
Although authors often refer to extrapyramidal

symptoms in general, the symptoms caused by chlor-
promazine and reserpine seem to vary somewhat
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and may deviate from the classical Parkinson
syndrome (Deniker, 1957). The state is sometimes
associated with a motor restlessness which resembles
the akathisia syndrome as seen in strio-pallidal
diseases. The patients complain of restless feelings
in the legs and feet; an urge to keep moving; insom-
nia; and " jittery" sensations. The frequency and
the nature of the extrapyramidal manifestations vary
according to the chemical structure of the compound.
With prochlorperazine, the incidence of extra-
pyramidal manifestations may exceed 45 %. Drow-
siness is rare, but psychomotor inhibition is present
and pronounced. In addition to tremors and rigidity
there may be occasional episodes of dyskinetic
syndromes, including tonic spasms of the neck and
facial muscles, dystonic movements of the neck,
trunk and extremities, forced movements of the
eyes, and fibrillary twitchings of the pectoral and
abdominal muscles (Freyhan, 1957). Kinross-
Wright (1957) also states that the frequency of extra-
pyramidal manifestations varies with the type of
effective phenothiazine derivative used. After re-
serpine, the symptoms are more frequent and are
characterized more by tremors and akathisia, while
after chlorpromazine the akinetic form with rigidity
predominates. Deniker (1957) states, moreover,
that the combination ofreserpine and chlorpromazine
rather tends to potentiate the extrapyramidal effect
of the drugs.
At the present stage, a neurologist is in a better

position to analyse the problem than is an experi-
mental pharmacologist who has had little opportunity
of studying the phenomenon in animal experiments.
Only occasional observations in animals have been
made so far. Chusid et al. (1955) observed salivation
and tremor after reserpine had been administered
to monkeys. Such symptoms, seen after a single
dose of 1 mg/kg, may be interpreted as an effect on
the extrapyramidal system. The catatonia seen in
rats, mice, and cats after chlorpromazine and reser-
pine is perhaps also an extrapyramidal manifestation.
The rigidity must differ from the decerebrate

rigidity which is inhibited by 3-5 mg/kg of chlorpro-
mazine (Sheatz, 1955).
No drugs other than those of the type of chlor-

promazine and reserpine have been reported to give
extrapyramidal symptoms.

Rinaldi & Himwich (1955a) think it possible that
the reticular formation in the mesencephalon and
diencephalon exercises an influence on the anterior
horn cells and thus involves the extrapyramidal
motor control.

There is ample evidence that the influence of
psychotropic drugs on the reticular formation
regulating the pathways leading to the cortex plays
an important role. This will be discussed in the
following section. The assumption that the influence
of the reticular formation on motor activity is
modified in the same way by psychotropic drugs
rests on less firm ground. The arguments of Himwich
& Rinaldi (1957b) are the following. Electrolytic
lesions in the subthalamus or the midbrain reticular
formation in monkeys result in tremor which can
be improved by anti-Parkinson drugs (Vernier &
Unna, 1954). Electrical stimulation of the reticular
formation also produces tremor. Moreover, the
bulbar portion of the reticular formation exerts an
inhibiting influence on spinal motor activity, while
the portion above the bulbar level facilitates the
spinal cord activity (see Rinaldi & Himwich,
1955a; Himwich & Rinaldi, 1957b). As will be
mentioned later, Rinaldi & Himwich (1955a) found
that cholinergic compounds stimulate, while anti-
cholinergic compounds inhibit, the ascending func-
tion of the reticular formation. They assume that
compounds inhibiting the ascending function are
also capable of inhibiting the descending function
and thus influence the hypothetical overaction (or
predominance) of the descending function which
according to them results in Parkinsonism. They
were also able to show that in a number of anti-
Parkinson drugs-atropine, caramiphen, trihexy-
phenidyl, diphenhydramine-theanti-Parkinsoneffect
was roughly proportional to the inhibiting effect on
the ascending reticular function (Rinaldi & Himwich,
1955a). On the other hand, it is not always possible
to draw conclusions from the anticholinergic effect
of a compound regarding its anti-Parkinson effect.
Benactyzine has a very intense inhibiting effect on
the ascending reticular formation (Himwich &
Rinaldi, 1957a), but although Himwich & Rinaldi
found some effect on Parkinsonism in a few patients,
other authors found this drug almost ineffective.
As to the extrapyramidal effects of reserpine ard

chlorpromazine, Himwich & Rinaldi suggest that
these drugs produce a disordered overactivity of the
reticular formation. They support this by the fact
that in all effective doses reserpine produces over-
activity of the reticular formation, and that, although
chlorpromazine inhibits the reticular formation in
small doses, it stimulates it in higher doses (see later).
This effect has so far only been demonstrated in the
ascending system, but if it should be found to occur
in the descending system also, the extrapyramidal

3
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symptoms complicating the use of these agents
would be easily explained.

Summary
Chlorpromazine, phenothiazine derivatives with

a chlorpromazine-like effect, and reserpine-
alkaloids cause a number of extrapyramidal
symptoms. Similar symptoms are not seen after
other psychotropic compounds. The frequency,
intensity and type of extrapyramidal manifestation
vary with the chemical structure of the compounds
given.

EFFECTS ON THE ELECTRICAL FUNCTIONS OF THE BRAIN

Synchronization and desynchronization
Sensory impulses reach the cortex by the classical

and well-known sensory pathways, e.g., through
the lemnisci to the thalamic relay nuclei and from
there to the somesthetic area of the cortex. They
also pass through collaterals to the reticular forma-
tion. Anatomically this structure is poorly defined;
it was described by Olszewski (1954) as including 'all
grey masses of the tegmentum of the medulla, pons
and midbrain which do not belong either to the
cranial nerves, to the relay nuclei of the cerebellar
system or to the relay nuclei of the lemniscal sys-
tems'. Morphologically, the reticular formation
consists of a network of neurones with many
synaptic connexions.
The centripetal impulses received by the reticular

formation are transmitted to the cerebral cortex
and are spread diffusely or almost diffusely over the
cortex, irrespective of the nature of the original
sensory impulse. As the reticular formation receives
and transmits corticopetal impulses, the term
"ascending reticular formation (or system) " is
employed. It is generally supposed that the recep-
tion of the diffuse impulses from the reticular
system is essential to keep the cerebral cortex in
" a waking state " and that without them it is im-
possible for the brain to " handle" the sensory
impulses that it receives directly. However, it is not
only the cortical areas that have a characteristic
resting and a characteristic waking electrical pattern.
Similar changing patterns are found in the more
basal parts of the brain. Like the changes in the
cortical electrical pattern, these changes also seem
to be regulated from the ascending reticular system.
For this reason, the ascending reticular system is
regarded as the organ which regulates consciousness
and the states of sleep and wakefulness.

The functional activity of the reticular system is
measured electroencephalographically with leads
from different parts of the cortex, perhaps combined
with some subcortical leads, e.g., from the thalamus.
The experiments can only be made on conscious
animals, either implanting the electrodes in such a
way that the animals can move around freely, or
immobilizing the animals with curare.
When no sensory impulses are received and trans-

mitted by the reticular formation, the cortical EEG
(in experimental animals) is dominated by relatively
high voltage spindles (e.g., 14 cycles per second in
rabbits) and by slow waves, also of high voltage.
The term synchronization is frequently used to
describe this state. This resting or sleeping pattern
is found not only when the experimental animals are
resting or sleeping, but also when the connexion
between the sensory system and the brain is inter-
rupted, e.g., by transections.
When sufficiently intense sensory impulses reach

the reticular system, the resting pattern is definitely
changed. In the cortex, desynchronization with
rapid low-voltage frequencies appears. In the
thalamus, very regular and relatively high-voltage
waves are seen. This pattern predominates when the
animals are awake and alert. The change from the
resting to the alert pattern is called the arousal
reaction. The arousal reaction can be provoked
not only by natural visual, auditory, proprioceptory,
and nociceptory stimuli but also by direct, high-
frequency stimulation of the reticular system itself,
or by stimulation of various places in the cerebral
cortex, nucleus caudatus and cerebellum. However,
it is not always possible to draw conclusions from
the pattern of the EEG regarding the actual state
of the animal. Wikler (1952) already showed that
an animal under the influence of atropine or mor-
phine, for example, appeared wide awake although
the EEG showed a pronounced sleeping pattern.
For the sake of clarity, many authors prefer to
speak of " EEG arousal ". Many, if not all, of the
psychotropic compounds have an influence on the
electroencephalographic pattern. Some increase
the threshold for desynchronizing, arousal patterns,
with the result that the resting pattern predominates,
or perhaps that the EEG arousal pattern cannot be
provoked at all. Others lower the threshold for
EEG arousal, so that desynchronization continues
for as long as the experimental animal is under the
influence of the drug.

Barbiturates and other hypnotics. The arousal
syndrome is inhibited by barbiturates. In rabbits,
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the arousal reaction is already markedly reduced
after 2 mg/kg of sodium pentobarbital and after
10 mg/kg (about one third of the anaesthetic dose)
it can no longer be obtained (Arduini & Arduini,
1954). In cats, 10 mg/kg is sufficient to abolish the
EEG effects of midbrain stimulation (Domino, 1955).
Rinaldi & Himwich (1955c) do not acknowledge
this effect to be an inhibition of the arousal reaction,
but describe it as a ' modification ' with a high-
voltage activity of 14-18 cycles per second. They
state that sublethal doses of barbiturates are neces-
sary in order to produce an effect on the arousal
response similar to that found after atropine. It is
difficult to decide whether this high-voltage increase
in frequency under the influence of barbiturates
should be regarded as a modified arousal reaction.
However, Arduini & Arduini (1954) have demon-
strated that the response to a sensory impulse which
can normally be found in the reticular system
disappears under the influence of barbiturates. This
observation shows that the sensitivity of the reticular
system is decreased by barbiturates.

Anticholinergics. The central-acting anticholiner-
gics have a pronounced specific inhibitory effect on
the arousal syndrome (Rinaldi & Himwich, 1955a).
In rabbits, 0.5 mg/kg of scopolamine and 5-8 mg/kg
of atropine are able to block the reaction completely,
not only to sensory stimuli but also to electrical
stimulation of the reticular system (Longo, 1956).
After 0.1-0.3 mg/kg of benactyzine, sound and touch
often fail to give an arousal reaction in rabbits, and
1-2 mg/kg completely block the arousal response to
electrical stimulation of the midbrain reticular
function (Himwich & Rinaldi, 1957a; Stumpf,
1957; Bovet et al., 1957). Berger et al. (1956b)
found that the arousal reaction in cats was blocked
by 1 mg/kg of benactyzine. In the rabbit, this drug
also abolishes the desynchronization of EEG caused
by eserine (0.1 mg), amphetamine (5 mg) and LSD.
The same effect is produced by administration of
atropine (Bovet et al., 1957).

The doses of atropine, scopolamine and benacty-
zine necessary to block the arousal reaction com-
pletely have no apparent influence on the behaviour
of the animals, which seem to be absolutely normal.
In this case, therefore, a state is produced in which
somatic arousal does not correlate with electro-
encephalographic arousal (Wikler, 1952). It seems
also that the psychic effects of the drugs do not
correlate with the effect on the electroencephalo-
graphic arousal syndrome.

Mephenesin, meprobamate, and phenaglycodol.
The compounds which act on the polysynaptic
processes exclusively at the spinal level cause effects
different from those of barbiturates. Their effect
on the arousal syndrome is very small. Mephenesin
does not alter the threshold to, or the length of,
the arousal reaction even if the dose is increased to
the point at which the alteration in the electro-
encephalographic pattern is so great as to make
measurement of arousal impossible. The same is
also true of 2-amino-6-methylbenzothiazole (SKF
1045) and 2-amino-4-chlorobenzothiazole (SKF
1448).
The effect of meprobamate has not yet been

thoroughly elucidated. Apparently it depends on
the species of experimental animal and on the doses
used. In rabbits, Bovet et al. (1957) found that it
caused synchronization, perhaps preceded by a
short period of desynchronization. The arousal
syndrome is generally not blocked, although
slightly inhibited. Larger doses result in an EEG
similar to that seen after barbiturates. In cats,
doses of 10-30 mg/kg do not consistently alter the
spontaneous EEG of the cortex and subcortex.
At 40 mg/kg there is a slight increase in fast activity
with no change in the threshold for EEG arousal,
but the response is enhanced and prolonged at the
threshold voltages. At much higher doses, the
threshold is increased slightly (Gangloff, 1958). In
dogs, doses of 80 mg/kg by mouth depress the
arousal effect. In this dosage, meprobamate causes
ataxia. A similar effect is obtained with pento-
barbital, 10-20 mg/kg orally giving ataxia and sleep
(Schallek et al., 1956).

Phenaglycodol in a dosage of 10-40 mg/kg induces
generalized high-voltage, slow activity and spindles,
but no changes in the EEG arousal threshold were
observed (Gangloff, 1958).

Chlorpromazine. In spite of some controversy
in the literature, the majority of investigators agree
that chlorpromazine inhibits the EEG arousal,
although not to the extent seen after administration
of barbiturates or anticholinergics. Some (e.g.,
Preston, 1956) have found chlorpromazine to have
very little effect on the cortical EEG, but with doses
of 0.5-5 mg/kg most investigators (e.g., Bovet et al.,
1957) have observed a general tendency for the
synchronized resting pattern to predominate in the
spontaneous cortical EEG of rabbits and cats.
In addition, the threshold for evoking the cortical
EEG arousal syndrome is increased (Schallek et al.,
1956), and the duration of EEG arousal is shorter
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(Hiebel et al., 1954). Bradley (1957b) found that
chlorpromazine is able to suppress the cortical EEG
arousal syndrome after " natural" sensory stimuli,
e.g., tapping the legs, stroking the nose, etc., both
in curarized and in normal intact animals, but
painful stimuli still evoke the arousal response.
The reticular system itself responds normally

to stimulation of the peripheral nerves. Killam
(1957) and Unna & Martin (1957) found that this
response was enhanced by administration of chlor-
promazine. In doses of 5 mg/kg, chlorpromazine
has no influence on the threshold for EEG arousal
after stimulation of the reticular formation itself.
In contrast to this slight response from the whole
organ, the single neurones in the reticular formation
seem to be depressed by chlorpromazine. After
doses of 2 mg/kg or more, the frequency of the
spontaneous activity of the single neurones measured
with microelectrodes shows a decrease and the units
also become less responsive to peripheral stimuli.
However, even the largest doses administered
(10-12 mg/kg) could not abolish the responses
completely (Bradley, 1957b). It is possible that the
discrepancy between the effect of chlorpromazine
on the total reticular formation and that on single
neurones may be explained by the observation of
Unna & Martin (1957). They found two types of
potentials in the midbrain system following stimula-
tion of the sciatic nerve-one of large amplitude
with a short latency and a short duration, the other
of small amplitude with a longer latency and longer
duration. Chlorpromazine (5-10 mg/kg) increases
the amplitude of both short- and long-latency
potentials and prolongs the refractory periods of
both types of response considerably. Unna &
Martin conclude that this prolongation of the
absolute and relative latency times is probably the
principal explanation of the effect of chlorpromazine
on the midbrain reticular formation.

Normally, the cortical EEG responds to stimula-
tion of the reticular system by EEG arousal. This
reaction seems to be depressed by chlorpromazine.
Bradley & Key (cited by Bradley, 1957b) found a
slight rise in the threshold, but only after doses
exceeding 4 mg/kg. A small dose (0.25 mg/kg)
resulted in a lowering of the threshold. Monnier
(1957) also found depression of the arousal response
after chlorpromazine, in agreement with Bradley
and all earlier investigators. The various parts of
the reticular system seem to respond differently to
chlorpromazine. The activation induced by direct
electrical stimulation is more easily depressed by

chlorpromazine when the rostral part of the brain
stem is stimulated than when the stimulus is applied
to more caudal locations (Unna & Martin, 1957;
Martin et al., 1958).
There is little reason to believe that there is a

direct effect on the sensitivity of the cortical cells.
The rise in the threshold for EEG arousal seen
after local application of hydroxyzine, which
apparently acts very much like chlorpromazine
when applied in 5 % solution to the cortex, does not
contradict this. The effect is less than that found
after systemic application of 5 mg/kg (La Grutta et
al., 1957).

All investigators agree that barbiturates and
morphine, even in sub-anaesthetic doses, have a far
more pronounced inhibiting influence on the elec-
trical function of the reticular system than can ever
be obtained with chlorpromazine (see, for example,
Rinaldi & Himwich, 1955a; Monnier, 1957). Thus,
there is a clear difference in effect between the
hypnotics and chlorpromazine. The difference is
still more pronounced when large doses are used.
After 12-20 mg/kg of chlorpromazine (in rabbits)
the EEG pattern passes into a permanent alert state
(Rinaldi & Himwich, 1955a).
There is some correspondence, although not

absolute agreement, between the effect of chlor-
promazine on EEG arousal and on somatic arousal;
generally, somatic arousal is also inhibited. Never-
theless, there are some discrepancies. Killam (1957)
found that the threshold for somatic arousal after
stimulation of the reticular system, and especially
after stimulation of the diffuse thalamic projection
system, was raised much more than the threshold
for EEG arousal. He states that chlorpromazine
widely separates the EEG and behavioural arousal
responses after thalamic stimulation.
Some anti-Parkinson and antihistamine com-

pounds, e.g., diphenhydramine, trihexyphenidyl, and
coraminiphen, have the same properties as described
for chlorpromazine: in minor doses they inhibit
the arousal effect and in larger doses they cause a
permanent arousal pattern (Rinaldi & Himwich,
1955a). A similar incomplete effect on EEG arousal
to that produced by chlorpromazine is seen after
hydroxyzine. When administered intraperitoneally
to experimental animals (rabbits or cats) in doses of
12-15 mg/kg, hydroxyzine results in a general
synchronization of the EEG pattern. The threshold
for EEG arousal is raised and the response can no
longer be provoked by visual, auditory or tactile
stimuli, although painful stimuli are still effective
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(Bovet et al., 1957; Bradley, 1957a, 1957b; Floris &
Morocutti, 1957).

Reserpine. Opinions on the effect of reserpine on
the arousal response are somewhat divergent.
Rinaldi & Himwich (1955a) state that in rabbits
0.5 mg/kg facilitates the arousal response, 1 mg/kg
causes marked prolongation of the duration of the
response, and 2 mg/kg gives a permanent alert
pattern. However, Killam & Killam (1956) did not
find any alteration in EEG arousal in stable prepara-
tions when doses up to 100 jug/kg were used. Reser-
pine has no influence on the threshold for EEG
arousal (or for behavioural arousal) after stimula-
tion of the reticular formation or the diffuse thalamic
projecting system (Killam, 1957). According to
Gangloff & Monnier (cited by Bein, 1956) reserpine
in rather high doses has a depressing influence on the
diencephalocortical system in rabbits. Terzian
(1955, cited by Deniker, 1957) found that reserpine
exerted an exciting effect on animals placed in a light
room and immobilized without local anaesthesia.
If the experiments were made in a dark, quiet room
and the animals were anaesthetized locally, the
patterns of a resting EEG were recorded. Terzian's
results indicate that reserpine in certain doses is
able to facilitate the arousal syndrome. However,
it seems that the effect obtained by reserpine de-
pends to a certain extent on the experimental
animal, the dose, and the state of the animal. Bovet
et al. (1957) report that in rabbits treated with
reserpine (0.5-2 mg/kg) periods of synchronization
alternate with periods of desynchronization. The
same phenomenon is also seen in cats and in mon-
keys. During the periods of synchronization, the
threshold for provocation of EEG arousal is raised,
an effect also apparent in the somatic behaviour of
the animals.

Adrenergics and cholinergics. A large number of
compounds facilitate the arousal syndrome in the
EEG, often to such an extent that the result is a
permanent state of EEG arousal.' This effect is
found after both sympathomimetic and parasympa-
thomimetic agents. Among the compounds that
simulate sympathetic activity, mention may be made
of the following:

1. Epinephrine. In states where epinephrine is
liberated, e.g., during CO2 inhalation or during the
initial phase of inhalation anaesthesia, EEG arousal
can be observed, the effect being the same as that

1 When no authors are mentioned, the references can be
found in the paper by Stumpf (1957).

produced by administration of epinephrine. Nor-
epinephrine produces a similar but much weaker
effect.

2. Centrally acting sympathomimetics, e.g.,
amphetamine and ephedrine. The effect of these
compounds on the EEG seems to be linked with
their sympathomimetic effect. The desynchroniza-
tion which occurs after methylamphetamine in
rabbits can be converted to a resting pattern by
subsequent administration of the anti-adrenergic
agent dihydroergotamine (360 mg/kg). Further
administration of methylamphetamine is capable of
again restoring the desynchronization pattern (Caro,
1957).

3. To these adrenergic drugs can be added the
two recently introduced central stimulants, pipradrol
and phenidylate, which are chemically related to the
sympathomimetics. Azacyclonol, the isomer of
pipradrol, has little effect on the EEG in small doses,
but after more than 20-30 mg/kg a permanent
arousal pattern is seen (Rinaldi & Himwich, 1955a).

4. Compounds which activate the sympathetic
system, e.g., cocaine, also act in a similar manner to
the adrenergic drugs (Monnier, 1957).
The effect of lysergic acid diethylamide (LSD) can

perhaps be regarded as at least partly connected
with the general stimulation of the sympathetic
system. Delay et al. (1952) found a decrease in the
amplitude of spontaneous activity and no blocking
of the activating response. Bradley, Elkes & Elkes
(1953) found that LSD gave fast cortical activity
with low amplitude. In rabbits, Rinaldi & Himwich
(1955d) were able to evoke the arousal syndrome
with 15 pg/kg. LSD has little effect on the threshold
for arousal by stimulation of the reticular forma-
tion, but it markedly lowers the arousal threshold for
sensory stimulation. With much larger doses
(50-100 jug/kg) Killam & Killam (1956) found small
increases in the thresholds for EEG arousal by
stimulation of the sciatic nerve and reticular forma-
tion in cats. Repeated administration of the same
doses either produced no further effect or a return of
the threshold to control levels. The latter observa-
tion indicates that LSD has an effect on the EEG
other than that which can be attributed to a general
stimulation of the sympathetic system. It has been
shown that LSD produces a short period of desyn-
chronization in the isolateral cortex of an isolated
brain after intra-carotid injection (Ingvar & Soder-
berg, 1956). The problem is discussed by Stumpf
(1957).
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Site of action. Some clue as to the site of action
can be obtained when the effects of the drugs are
examined on preparations in which sections are
made at different levels of the CNS. The parasym-
pathomimetic agents seem to act at a more rostral
level than the sympathomimetics.
On preparations where the section is made in the

spinal cord between C1 and C2 (ence'phale isole),
sympathomimetics, parasympathomimetics, and caf-
feine are all effective. When the section is made
between the collicles, thus separating the more
caudal part of the reticular system from the rostral
part (cerveau isoW), no effect can be obtained with
epinephrine or other sympathomimetics, such as
dextro-amphetamine, methylphenidate and pipra-
drol.1 In the cerveau isoM preparation, EEG arousal
can still be provoked by acetylcholine and other
parasympathomimetics, as well as by caffeine. No
compound has an effect on the isolated hemisphere
when the cortex is completely separated from the
reticular system. A possible exception is LSD,
which according to Ingvar & Soderberg (1956) is
able to elicit a short period of desynchronization in
the isolated cortex after intracarotid injection. This
is another indication that the effect of LSD is not
due solely to stimulation of the sympathetic system.

It is not feasible to examine directly the effect of
agents evoking synchronization in brain sections.
Both the encephale isole and the cerveau isoli pre-
parations are characterized by a permanent resting
synchronized pattern, on which a possible further
synchronizing effect obviously cannot be demon-
strated. However, a study of the antagonizing effect
of such agents against parasympathomimetics may
give an indication of their site of action.
The desynchronizing effect of the parasympatho-

mimetics is antagonized by anticholinergic agents.
Atropine and benactyzine abolish the desynchroniza-
tion of the EEG caused by physostigmine in the
rabbit. They also antagonize the EEG arousal effect
of agents acting at a more caudal level and abolish
the desynchronization caused by amphetamine and
by LSD (Bovet et al., 1957). Apparently, these
compounds act at the same rostral level as the
parasympathomimetics.
The desynchronization produced by cholinergics

is not followed by somatic arousal, as is, for example,
the desynchronization resulting from administration
of the amphetamines; and the synchronization
produced by anticholinergics is not followed by

1 For references, see Stumpf (1957).

somatic sleep, as in the case of the barbiturates.
These facts also indicate that the EEG effect of
cholinergics and anticholinergics differs from that
of other agents.
The antagonistic effects of many other compounds

give a confused picture, suggesting a rather compli-
cated interaction between the compounds.
With a single exception (Bradley & Chance, 1955)

most authors have found chlorpromazine able to
reverse the EEG-activating effect of physostigmine
(Saile & Stumpf, cited by Stumpf, 1957; Bovet et al.,
1957). Chlorpromazine is also capable of reversing
the effects of epinephrine (Unna & Martin, 1957),
mescaline and LSD. The desynchronizing effect of
physostigmine is antagonized by meprobamate,
although this drug seems unable to antagonize the
desynchronizing effect produced by amphetamine
(Bovet et al., 1957). The effect of azacyclonol has
been examined by Rinaldi & Himwich (1955b).
It was found to reverse the desynchronization
provoked by LSD and mescaline, but was without
influence on the desynchronization produced by its
isomer pipradrol and by amphetamine.

Summary. Most psychotropic drugs have an
effect on the electrical function of the ascending
reticular system and its cortical and subcortical
connexions. Parasympathomimetics and sympa-
thomimetics are the most important stimulators of
the function of the reticular system; anticholinergics
and general anaesthetics inhibit its function. A
partial inhibition of the reticular formation is found
after chlorpromazine. The effect of reserpine
alternates between a slight inhibition and a slight
stimulation.

Generally, behavioural arousal coincides with
electrical arousal and vice versa, but some important
exceptions are found. The pronounced EEG
arousal evoked by parasympathomimetics is not
followed by corresponding behavioural arousal, nor
is the pronounced EEG resting pattern seen after
anticholinergics followed by tranquillization.

Influence on other effects of afferent stimuli

After sensory stimulation, at least three different
types of change may be provoked in the brain
potential:

(a) a localized response from the appropriate
specific cortical projection area;

(b) a diffuse secondary response;

(c) the arousal syndrome.
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Of these, the effect on the EEG arousal syndrome
and its theoretical background have been discussed
in the preceding chapter.
The localized response follows the classical

sensory lemniscal pathways. These localized re-
sponses, which occur, for example, after stimulation
of the radial nerve, the sciatic nerve, the auditory
nerve, etc., can be registered from the cortex, in the
internal capsule cortically to the thalamic relay,
and in the lemniscus caudally to the thalamic relay.
It can be shown that the general state of the CNS
has some influence on the localized responses during
their passage through the thalamic relay. When
the CNS is in an arousal state, the amplitude of the
response is reduced, the response abbreviated, and
the refractory period and the recovery time of the
neurones prolonged.
Many of the effects of drugs on the primary

localized response seem to be brought about in-
directly as a result of their action on the reticular
system.
The barbiturates do not decrease the voltage of

the primary sensory responses, and may even
increase it (Arduini & Arduini, 1954; Brazier, 1954;
Preston, 1956; King et al., 1957). This seems to
be a result of the synchronizing effect of barbiturates
on the reticular formation. With moderate doses
of pentobarbital (10 mg/kg) the recovery time is
slightly shortened, but with larger doses (20-30
mg/kg) it is considerably prolonged. A similar
result is also obtained when barbiturates are given
after midbrain lesions, indicating that the barbitu-
rates not only have an indirect effect through the
reticular system, but also a direct inhibiting effect
on the sensory pathway. The latter effect is princi-
pally on the thalamic relay (King et al., 1957).
Mephenesin and other compounds with a specific
effect on the polysynaptic spinal reflexes have no
influence on the specific sensory responses (King,
1956). In doses up to 25 mg/kg chlorpromazine is
without observable effect on the primary responses
in the ascending somatosensory system (Killam &
Killam, 1956; Preston, 1956); the recovery time
is practically unaffected by doses up to 6 mg/kg
(Killam, 1957). Reserpine (0.1 mg/kg) has no effect
on the primary responses (Killam, 1957).

Besides the primary specific response, stimulation
of a peripheral sensory nerve also elicits a secondary
response which appears diffusely over the whole
cortex. This response has a longer latency than the
primary response of the specific cortical projecting
area. There is every reason to believe that the

secondary discharge is mediated through the rostral
part of the thalamic reticular system (for references,
see Brazier, 1954). Electrical stimulation in this
region, with frequencies close to the frequency of
the spontaneous rhythm of the cortex, results in a
gradual increase in the amplitude of the cortical
response, which is diffused over wide areas of the
cortex. This reaction is called the recruited response,
because it gradually involves more and more
neurones. It is different from the EEG arousal
mediated through the more caudal parts of the
reticular system, and the system through which it is
provoked is called the diffuse thalamic projecting
system.
The recruited responses are depressed during

EEG arousal. Consequently, all compounds pro-
voking EEG arousal, e.g., epinephrine, cocaine,
am.phetamine, etc., have this effect (Monnier, 1957).
Compounds that depress the arousal reaction have
an effect on the recruited response that varies from
compound to compound. The barbiturates decrease
the threshold for the secondary response; the
recruitment effect is correspondingly facilitated and
the response is increased in duration and voltage
(Arduini & Arduini, 1954). This pattern is not
specific for all anaesthetics. Ether massively
depresses the response to stimulation of the diffuse
thalamic projecting system. Benactyzine has no
effect on the recruited responses and, as implied
indirectly in the paper by Berger et al. (1956b),
neither has atropine or scopolamine. Mephenesin
causes a slight depression in doses of 20-30 mg/kg;
in larger doses the depression is more pro-
nounced and the threshold increased (Domino,
1955; King, 1956). The effect of chlorpromazine
depends on the dose. Killam & Killam (1956) found
a slight increase in the recruited responses after
1 mg/kg, and Monnier (1957) observed the same
effect after 5 mg/kg. After larger doses, Killam &
Killam (1956) found that the recruited responses
were slightly depressed and the threshold slightly
increased. With reserpine, they were unable to
obtain any effect on the recruited response, but
Monnier (1957) observed a depression of the activity
of the medial thalamus, although after somewhat
larger doses (1.5 mg/kg).

Effects on EEG changes evoked by cerebral stimulation
As already mentioned, stimulation of the reticular

formation results in a change of the EEG pattern
in other parts of the brain, especially in the cortex
and in the subcortex. It has also been mentioned

425



E. JACOBSEN

that stimulation of the thalamic diffuse projecting
system elicits a recruited response in the cortex.
These are not the only examples of a stimulation
in one part of the brain evoking an electrical re-
sponse or change in the EEG pattern in other parts
of the.CNS. Thus stimulation of the rhinencephalon,
or the motor-sensory cortex results in changes in
the EEG, not only in the cortex, but also in the
thalamus and in other parts of the brain. Monnier
(1957) has studied the influence of some psycho-
tropic drugs on these phenomena in rabbits. He
found that the spikes generated by stimulation of
the rhinencephalon and propagated to the thalamus
and cortex are sometimes depressed (sometimes
an initial facilitation is seen) after compounds
causing general excitation, such as cocaine (25
mg/kg), dextro-amphetamine (1 mg/kg) or LSD (25-
50 ,ug/kg). He concludes that these compounds de-
crease the activity of the rhinencephalic system. Of
the depressing compounds, Monnier found that
morphine (20-40 mg/kg) enhances the spikes induced
by stimulation of the rhinencephalon (hippocampus)
and their propagation to the reticular formation,
thalamus and cortex. The cortex shows a decreased
excitability for the after-discharge. With reserpine
(0.5-2 mg/kg), the thalamo-cortical excitability is
depressed. Phenobarbital (30-50 mg/kg) depresses
the rhinencephalic spikes. Monnier's results are
not easy to interpret. However, his investigations
suggest that the effect of moderate doses of the
compounds may be due more to the interaction
between certain centres in the brain than to a change
in the sensitivity of the centres. Some compounds
with a decided sedative effect seem to stimulate
certain parts of the brain in the same doses. The
effects of some sedative psychotropic compounds
on the sensory EEG-system are summarized in
Table 2.

Effects on the " spontaneous " electrical activity of
the brain
In general, the psychotropic compounds have an

effect on the spontaneous EEG, at least when the
doses are increased sufficiently. The changes very
rarely start simultaneously in all parts of the brain,
and the particular site of the initial effect may help
to characterize the compound.
The observation of changes in the human EEG

usually gives little information, because firstly,
relatively small doses have to be used, and secondly,
only the electrical changes in the cortex can generally
be examined. For information on the changes

TABLE 2
EFFECTS OF SOME SEDATIVE PSYCHOTROPIC
COMPOUNDS ON THE SENSORY SYSTEM
(LEMNISCAL AND EXTRA-LEMNISCAL)

Compound Primary Recruiting Arousal
response response response

Ether . . . . . . (-)

Barbiturates . . (-) +

Centrally acting
anticholinergics 0

Morphine . . ? ?-

Mephenesin . 0 _ 0

Meprobamate . 0 ?-

Chlorpromazine . 0 (+) (-)
(-)

Azacyclonol . 0 0 0, +

Reserpine . . . ? 0 +

- = inhibition progressing to
(-) = incomplete inhibition
+ = enhancement

complete abolition

reported in earlier literature, the reader is referred
to the review by Toman & Davis (1949).

In animals, all compounds with a predominantly
sedative effect usually give the same pattern during
the first stage. In cats, for example, regular and high
amplitude activity of 5-7 cycles per second appears
independently and asynchronously in the frontal
lobes, and finally random slow activity prevails in
all leads. This is the synchronized normal sleep
or resting pattern which has already been described
and which is always seen regardless of whether the
sleep is spontaneous or induced by mild sedatives.
Barbiturates, for examples, show this pattern initially.
The spindles are especially pronounced in this case
and have therefore been called " barbiturate
spindles ". They are very much like those seen in
the recruitment effect after stimulation of the thala-
mic projection system, and are presumably initiated
there. With other hypnotics, the spindles are less
pronounced or may be lacking completely. After
larger doses of barbiturates, first the high-amplitude
slow activity and then the spindles disappear, so
that practically no activity is found at the stage
of deep anaesthesia. This effect is seen in the cortex
and the caudate nucleus after doses which leave
the activity in thalamus and hypothalamus rela-
tively unaffected (King, 1956; Hendley et al., 1957).
The effect on the various parts of the brain is quite
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different from that seen after chlorpromazine
(Preston, 1956) or meprobamate (Hendley et al.,
1957).
With moderate doses of benactyzine (up to

2 mg/kg) a constant resting pattern is found (Berger
et al., 1956; Himwich & Rinaldi, 1957). The effect
of larger doses has not been described. In man,
0.10-0.15 mg/kg of benactyzine s.c. diminishes the
proportion of alpha-waves and decreases their ampli-
tude. Larger doses seem to evoke a sleep pattern
with delta-waves (Hess & Jacobsen, 1957). So far,
benactyzine is the only compound in this group
which has been found to evoke changes in the
human EEG in doses near to those used clinically.
In rabbits, meprobamate (10-30 mg/kg) does not
produce any consistent effect (Gangloff, 1958).
In cats, it causes synchronization of the electrical
activity of certain parts of the brain, evoking waves
of 10-20 cycles per second, sometimes in long runs,
sometimes as short spindles. The effect begins in
the thalamic nuclei: the nucleus ventralis lateralis,
nucleus ventralis postero-medialis, and the lateral
geniculate nucleus, all of which have topical projec-
tions in the cortex, and some of which are relay
nuclei in the lemniscal system. A similar effect
occurs in the nucleus centrum medianum, which
belongs to the diffuse projecting system. This
effect is seen after 20 mg/kg i.v. No clear-cut change
is seen in the cortex or other parts of the brain
after this dose. With increasing doses, the amplitude
of the waves in the thalamic areas increases and
waves of the same frequency are found in the
cortex, but only after very large doses is a syn-
chronizing effect detectable in the hypothalamus,
the caudate nucleus and the amygdalae (Hendley
et al., 1957).

Mephenesin has no effect on the cortical or sub-
cortical records in doses up to 40 mg/kg (Hendley
et al., 1957). After 50-100 mg/kg, fast activity is
manifest, with reduced amplitude. The tracings
obtained by King (1956) seem to indicate that these
changes occur in the caudate nucleus, thalamus and
cortex. In any case, no specific increase in thalamic
activity like that observed by Hendley et al. (1957)
is apparent in these tracings.

Chlorpromazine seems to have little effect on the
cortical and subcortical leads in cats in doses up to
5-10 mg/kg. There is a tendency to produce an
increase in slow-wave activity, not localized to any
specific area of the anterior brain stem or cerebral
cortex (Preston, 1956; Hendley et al., 1957). With

increasing doses, isolated spikes begin to appear.
Later, the activity is characterized by high- and
low-amplitude spikes at a frequency of 10-16 cycles
per second, which tend to be grouped in bursts.
The changes occur primarily in the amygdala
(at 20-35 mg/kg) and from here the isolated seizure-
like discharges spread to the septum, hippocampus
and cortex (e.g., at 40-45 mg/kg). Clear-cut changes
in the electrical activity of the amygdaloid nuclei,
similar to those found in cats after 25 mg/kg, were
also found in animals given 10 mg/kg daily for
5 days and examined 24 hours after the last dose
(Preston, 1956). Apparently, the thalamic and hypo-
thalamic nuclei are unaffected by doses which cause
definite changes in electrical activity in the amyg-
daloid nuclei. Other phenothiazine compounds having
similar clinical effects to chlorpromazine affect the
EEG in the same way (Martin et al., 1958).

Given in small, "therapeutic" doses, reserpine
does not elicit any changes in the cortical areas,
either in man, monkeys, rabbits or cats. Hendley
et al. (1957) were unable to find any subcortical
effect after a dose of 2 mg/kg. In another cat,
however, some slowing of the thalamic recordings
was seen 40 minutes after a dose of 2.5 mg/kg. It has
already been noted that Himwich and his group
found arousal patterns after small doses of reserpine.
Other investigators have also confirmed that a
steady electric pattern of alertness is maintained
after reserpine. It has been found that reserpine
increases the electrical ground activity in the rhin-
encephalon (Gangloff & Monnier, 1955). Very few
investigations have been published concerning the
parts of the brain in which the reserpine-induced
activity starts. In a short abstract of a lecture by
MacLean (1955) it is stated that " administration of
reserpine in the cat may result in almost continuous
regular activity at 3 to 4 cycles per second in the
hippocampus during periods when the neocortex
shows desynchronized activity of the waking state.
Low-voltage activity of the same frequency as that
in the hippocampus may be recorded in the region
of the hypothalamus ". Similar observations seem
to have been made by Killam & Killam (1956).
LSD, mescaline, epinephrine, and the amphet-

amines have a predominantly stimulating effect and,
as already stated, generally give a permanent alert
pattern in the EEG.

Table 3 shows the parts of the brain in which
the changes in electrical activity begin as the thresh-
old doses of various compounds are reached.
As indicated at the beginning of this chapter, such
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TABLE 3
STARTING-POINT OF THE EEG CHANGES

AS FOUND AFTER FOUR DIFFERENT COMPOUNDS
WITH SEDATIVE ACTION

Barbi- | Mepro- Chlorpro- Reser-
turates bamate mazine pine

Neocortex . . __ X

Rhinencephalon . + +

Amygdaloid nuclei. + + +

Nucleus caudatus . _-

Thalamus . . (x) +++

Hypothalamus Y*.-

The plus and minus signs indicate where in the CNS the
changes first appear, and their nature. The arrows show the
direction in which the changes are propagated from their
starting-point within the CNS. The dotted arrow under reser-
pine means that the direction of propagation is hypothetical.
+ + + + = high-voltage, synchronized activity.
-, --= low-voltage, desynchronized activity.
(x) = the spindles possibly start in the thalamus.

information may help to characterize the effect of
each compound. However, the fact that changes
in the spontaneous electrical activity start in a cer-
tain part of the CNS after large doses is no proof
that this location represents the site of action
after low or moderate doses.
Summary. The changes in the spontaneous elec-

trical activity after psychotropic drugs start at
different levels of the CNS. Not all compounds
have been examined, but the results are summarized
in Table 3.

Effects on other electrical activities of the brain
Three electrophysiological features of the brain

and the way in which they are influenced by psycho-
tropic compounds have not yet been discussed:

(1) cerebral synaptic transmission in the two-
neurone intercortical system;

(2) nicotine-induced convulsions;
(3) response to electrical stimulation with liminal

voltage.
The physiological background of these manifesta-

tions is even less well understood than, for example,
that of spontaneous activity and the EEG arousal
response. Moreover, the effects of some well-
known prototypes of the psychotropic drugs have
not yet been investigated. Nevertheless, these effects
may have an important bearing on the classification

of the drugs. They will therefore be mentioned
briefly, although the observations need to be extend-
ed and confirmed.

1. Effect on the cerebral synaptic transmission in
the two-neurone intercortical system. An electrical
stimulus applied to a point in the optic cortex, for
example, evokes a response in the symmetrical point
in the contralateral cortex. The response seems to
pass only a single synapse, and Marrazzi (1953) has
proposed utilizing this effect in the study of the
influence of drugs on the synaptic transmission in
the CNS. Epinephrine inhibits but does not abolish
this transcallosal response; norepinephrine acts in the
same way, but only in 15 times the dose. The same
inhibiting effect is seen after mescaline, LSD,
bufotonine and 5-hydroxytryptamine, the last
substance being the most powerful inhibitor of
this reaction. Administration of iproniazid, the
inhibitor of monoamine oxidase, also has an
inhibiting effect on the transcallosal response
(Marrazzi, 1957), and the barbiturates similarly
depress synaptic transmission (doses and details
not stated). The inhibitory effect of mescaline
(2.5 mg/kg) is abolished after administration of
azacyclonol (1.0 mg/kg), reserpine (0.1 mg/kg), or
chlorpromazine (0.05 mg/kg), but in the doses
mentioned these compounds do not have any effect
themselves on the intercortical system (Marrazzi &
Hart, 1955, 1957). In large doses, however, they
also produce inhibition (Marrazzi, 1957).

2. Nicotine convulsions. After administration of
nicotine to rabbits, some changes in the EEG
characteristic of a " grand mal " seizure are observed.
These changes are preceded by a short period of
desynchronization. Some compounds-most of
them active against Parkinsonism-are able to
antagonize this effect of nicotine on the EEG. The
doses just sufficient to antagonize 2 mg/kg of nico-
tine bitartrate are: 3 mg/kg caramiphen, 5 mg/kg
ethopropazine, 5 mg/kg chlorpromazine, and 3 mg/kg
trihexyphenidyl. Atropine does not antagonize the
electrical pattern provoked by nicotine. Physostig-
mine does not block the antagonistic action to
nicotine shown by the above-mentioned products
(Longo et al., 1954). The EEG-seizures are accom-
panied by a characteristic twitching of the muscles
of the experimental animal. In an earlier study, in
which only the muscular twitching and not the EEG
changes were examined, Bovet & Longo (1951)
found that promethazine, diphenhydramine, chlor-
cyclizine and pyrilamine were effective, their nico-
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tinolytic power decreasing in that order. Adiphenine
was very active, but mephenesin and scopolamine
were without effect. Barbiturates were only effective
in anaesthetic doses. In a later study, Bovet et al.
(1957) found that hydroxyzine shows a certain
antagonism, especially towards the convulsive EEG
manifestation and the motor convulsions, but it has
no effect on the desynchronization representing the
first phase of the nicotine effect. A similar behaviour
was exhibited by benactyzine, but large doses (about
1 mg/kg) were necessary. In mice, Braun & Lusky
(1958) showed that nicotine convulsions are strongly
antagonized by benactyzine, but meprobamate and
reserpine do not possess such an effect.
The grand-mal-like pattern provoked by intra-

venous or intracarotid injection of di-isopropyl-
fluorosphosphate (an anticholinesterase) was blocked
not only by the same drugs as mentioned above, but
also by atropine. The fact that atropine is effective
in the latter case but not in the former, suggests that
the seizures induced by di-isopropylfluorophosphate
are of a different nature from those induced by
nicotine.

3. Electrical stimulation of the brain with liminal
voltage. The response to this type of stimulation
consists of a discharge which continues for the
duration of stimulation and of a self-sustained
after-discharge outlasting the end of the stimulus by
a certain time. A given drug may alter the threshold
for the discharge and/or the duration of the after-
discharge. The effect differs somewhat according
to the site of stimulation. Some drugs have an
effect on the rhinencephalon, others on the neocortex,
etc. No systematic examination of the various
compounds has been made with this technique.
Some compounds causing general excitation, e.g.,
cocaine, dextro-amphetamine, and LSD, have no
significant influence on the threshold of the after-
discharges induced by stimulation of the cortex,
thalamus, or rhinencephalon (Monnier, 1957).

It has already been mentioned that some drugs,
e.g., meprobamate, increase the threshold for
electrically-induced seizures, but so far this has not
been demonstrated electroencephalographically, ex-
cept in the case of reserpine, which is capable of
raising the threshold for the electrical changes,
especially in the neocortex and in the diencephalon
(Gangloff & Monnier, 1955). Reserpine has no
effect on the duration of the after-discharge, how-
ever. All antiepileptic drugs examined not only
raised the threshold for the after-discharges but also
caused a decrease in the duration of the after-

discharges (Gangloff & Monnier, 1957). The same
effect was found after phenobarbital. The duration
of the after-discharge is also diminished by a number
of local anaesthetics which, under certain conditions,
also seem to have an effect in epilepsy (Bernhard
et al., 1956). Stimulation of the frontal regions
produces an after-discharge that is unstable during
the control period. Methylphenidylacetate, dextro-
amphetamine, and methamphetamine stabilize and
shorten the after-discharge. Pipradrol abolishes it
and caffeine prolongs it (Funderburk & Woodcock,
1955a, 1955b). There seems to be a definite difference
between the compounds that merely raise the thresh-
old for electrically-induced seizures and those that
are able to prevent the propagation and continuation
of such seizures as manifested in the after-discharge.
Meprobamate and reserpine belong to the first
category, the antiepileptics to the second.

Summary. Three types of electrical activities of
the brain can be influenced pharmacologically:

1. Cerebral synaptic transmission. This is inhibited
by epinephrine, mescaline, LSD, bufotonin and
5-hydroxytryptamine. Barbiturates, azacyclonol,
reserpine and chlorpromazine have no effect per se,
but they abolish the inhibiting effect of mescaline.

2. Nicotine-induced seizures. These are abolished
by chlorpromazine and a series of anti-Parkinson
drugs.

3. Discharges occurring during and after electric
stimulation of the brain. Both the discharge and
the after-discharge are diminished by antiepileptics.
Reserpine and presumably also meprobamate raise
the threshold for the discharge, but do not shorten
the after-discharge.

EFFECTS ON GROSS BEHAVIOUR

The effects of the various psychotropic drugs on
the gross behaviour of experimental animals are
so well known that a detailed description is unneces-
sary. References will be given only in exceptional
cases in this section.

Differences in the effect on gross behaviour make
it possible to distinguish a number of rather well-
defined types of reaction. Taken as a whole, little
variation from species to species is seen, but, on the
other hand, species variations are not quite unknown.
A classical example is morphine, which causes a
manic hyperactivity in some species, e.g., cats, and
results in a somnolent state when given to rabbits.
A few other examples are given below.
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The sedative-hypnotic reaction

In small doses, only a decrease in spontaneous
activity is seen. This state is accompanied by ataxia,
which becomes more pronounced as the dose is
increased. At the same time, the higher reflexes
become more and more disturbed: the pattern of
the most complex reflexes breaks down, while the
most primitive reflexes generally become exaggerated,
owing to loss of inhibition from higher centres (the
so-called " pseudo-pain-reflex " described by Brucke
et al. (1956)). The point where the rightening
reflex disappears is accepted in experimental pharma-
cology as a sign that the animals are anaesthetized.
The lower reflexes are generally preserved far into
the stage of anaesthesia. Finally, the animals die
from respiratory paralysis.
With some compounds, even large doses cause an

initial stage of excitation, which may be of short
or long duration and gradually passes into sedation
or anaesthesia. The sedative-hypnotic effect is found
after most hypnotics, e.g., chloral hydrate, paralde-
hyde, barbiturates, alcohol, etc.

The anaesthetic reaction

The difference between the sedative-hypnotic and
the anaesthetic reaction is only a quantitative one.
With some compounds only a narrow dose-interval
is found between the stage of general sedation, with
decreased spontaneous activity and ataxia, and the
stage of full anaesthesia; in fact, the decision
whether to call the effect of a compound a sedative-
hypnotic or an anaesthetic reaction is purely
arbitrary.

Ether, the gas-anaesthetics, and some short-acting
barbiturates give, as a rule, an anaesthetic reaction,
though there may be some species differences. Alcohol
has an anaesthetizing effect in mice, but a sedative-
hypnotic effect in cats.

The paralytic reaction

Some compounds cause a flaccid paralysis due to
depression of the spinal polysynaptic reflexes. The
animals rest on their abdomens and no muscular
movements are seen. This is in contrast to the
anaesthesia seen after most barbiturates, for example,
where twitching, tremors and hypersensitivity to
environmental stimuli are present. This state may
bear a superficial similarity to the effect of compounds
causing neuromuscular block, e.g., tubocurarine.
However, the monosynaptic reflexes, such as the
knee-jerk reflex and the corneal reflex, are preserved

in the paralytic reaction described here. Propor-
tionally, much higher doses of the mephenesin-like
drugs are required in order to paralyse the respira-
tion. The paralytic reaction is seen, for example
after mephenesin and meprobamate.

Cataleptic reactions
In these states, spontaneous activity decreases.

The animals sit quietly, generally in natural, or almost
natural postures. They have a tendency to fall
asleep, but they can still be roused by external
stimuli. Ataxia is present, but is not so pronounced
as in the sedative-hypnotic reaction. Many of the
primitive reflexes remain, as a rule, relatively
unimpaired. No real anaesthesia is found whatever
the dose. The state passes into a cataleptic state,
in which the animals remain immobile for a long
time, even when they are placed artificially in
unnatural postures, e.g., lying on the back, or with
the hind limbs on a shelf. This type of reaction
may be called a sedative cataleptic reaction. It is
found, for example, after chlorpromazine or
reserpine.
A cataleptic state is also induced by other com-

pounds, e.g., bulbocapnine and mescaline, but this
seems to be of a more " active " type, the animals
tending themselves to adopt stiffened, grotesque
positions, and the state is preceded by hyperactivity
rather than sedation. To distinguish this reaction
from the sedative cataleptic reaction, the term
active cataleptic reaction is proposed.

The hyperactive reaction
This reaction is characterized by an increase in

the spontaneous activity of the animals, which
become restless. Small rodents show rapid, but
highly co-ordinated movements, and their reaction-
time to environmental stimuli is decreased. They
lick, scratch, chew, and drink incessantly. In dogs,
the reaction is manifest by constant tail-wagging
and continual movement or attempted movement.
They respond rapidly, but otherwise normally, to
noises and other environmental stimuli. There is
generally no change in mood, so that friendly dogs
remain friendly, but it is difficult to restrain their
activity.

This and similar patterns of activity are seen
after amphetamines, pipradrol, etc. An increase
in the dose of these compounds does not generally
result in convulsions, whereas with caffeine large
doses may cause clonic convulsions after a period
of hyperactivity.
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Convulsive reactions
Tonic or clonic convulsions after drugs are de-

scribed in every textbook and need no further
mention. It is well known that these reactions are
nearly always preceded by a state in which the
experimental animals exhibit increased reflexes,
as after strychnine, or increased activity, as after
pentetrazol.

Mixed reactions
The reactions described here are rarely found in a
pure" state after administration of centrally acting

agents. It has been mentioned several times that
one type of reaction may be followed by another
type. Some of the compounds which produce a
sedative reaction in small doses may cause convulsions
in large doses. In monkeys, Essig & Carter (1957)
observed seizures after administration of chlor-
promazine in doses of 44-77 mg/kg. In other cases,
there may be an alternation of different behavioural
patterns. Intraperitoneal administration of mescaline
in doses of 20-50 mg/kg results in a rhythmic alterna-
tion of periods of violent running with periods
of relative rest, during which the animals scratch
themselves intensely (Maffii & Soncin, 1958).

Spontaneous activity and agility
Changes in spontaneous activity and changes in

agility are among the earliest and most easily detect-
able symptoms of a central effect. If the doses are
sufficiently high, the changes can easily be observed
with the naked eye. A number of devices have been
constructed with which the spontaneous activity
and the motor co-ordination of the experimental
animals can be measured objectively and quanti-
tatively or semi-quantitatively.

In some methods of measuring motor activity, a
running wheel is placed in the cage and the revolu-
tions of the wheel per unit of time are counted. By
this method, the drive for exercise of the experi-
mental animals is measured. In other types of
experiments, the shaking of the cages is measured,
the intensity and/or the frequency of the movements
of the cage being used as an expression of the
activity. Another technique is to project a beam of
light through the cage on to a photocell connected
with a counter which registers each time the animals
pass the light beam. In still another method, the
changes in electric capacitance between various parts
of the cage are measured and recorded. The latter
methods measure the drive for " organized " exercise
as well as the more unorganized restlessness which

may also be a result of the administration of psycho-
tropic drugs.
The " dexterity " of an experimental animal can,

in principle, be measured objectively by recording
whether and how long the animal is able to cling
to an object. This object might be a sloping plane,
a thin rod, a piece of string, or perhaps a rotating,
horizontally placed cylinder. The size, slope,
speed of rotation, etc., of the apparatus are such
that a normal animal is just able to retain its hold for
a reasonable time. Animals, generally small rodents,
which are under the influence of a compound that
decreases agility will not be able to remain on the
apparatus more than a short time, inversely propor-
tional to the state of " intoxication ". The principle
is not a very specific one. Tubocurarine and curare-
like agents give a positive reaction, and so do
practically all compounds with a central action,
whether they act as convulsants, sedatives, or
hypnotics.
About 75 references to different methods of

measuring motor activity and agility are given by
Riley & Spinks (1958).

Autonomic reactions

Some of the compounds discussed give symptoms
referable to the autonomic nervous system which
can be observed directly, and which characterize the
clinical picture after administration of the drugs.
These reactions may be due to an effect on the
autonomic centres in the CNS or to an effect on the
peripheral receptors. Mescaline, and especially
LSD, cause a violent stimulation of the sympathetic
system with dilatation of the pupils, pilo-erection,
and-in cats-bursts of sham rage. The sympatho-
mimetic action of amphetamine and similar com-
pounds is well known and mentioned in every
textbook. A sympatholytic effect is seen after
chlorpromazine, and especially after reserpine.
Examples are relaxation of the nictitating membrane,
contraction of the pupils, active ptosis, etc. In
some species, the autonomic reactions are observed
after lower doses than those influencing somatic
behaviour. A general parasympatholytic effect with
pupillary dilatation, etc., is seen after some com-
pounds, e.g., benactyzine. This effect is presumably
purely peripheral.
Some species react specifically to the drugs.

Classical examples are the vomiting of dogs after
morphine, the Hermann-Straub tail-reaction in mice
after morphine, and the general central irritation
of the sympathetic seen in cats, also after morphine.
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A more recently discovered example is that adminis-
tration of reserpine to pigeons in small doses
(0.02-0.1 mg/kg) results in vomiting (Earl, 1955).
The autonomic reactions which are mentioned

here contribute to the picture of " gross behaviour ",
i.e., the symptoms directly observable. The influence
of the psychotropic drugs on the central or peri-
pheral autonomic nervous system is discussed in
more detail in other sections of this review.
Most of the compounds give more than one of

the reactions mentioned. The type of reaction
depends on the dose and to a certain degree on the
species tested. The reactions of some types of
compounds are compared in Table 4, which shows
what percentage of the lethal dose is necessary to
produce the symptoms. Obviously, a table like
this can give only a very rough guide. It has been
compiled partly from different sources in the litera-
ture, partly from unpublished data obtained in our

laboratory. The species of animal tested (mice, rats,
rabbits, cats, dogs, monkeys) is not taken into con-

sideration, but the effects of the compounds as given
in Table 4 show qualitatively and quantitatively the
same trend in all species examined.

Summary
The effect on the gross behaviour of experimental

animals varies with the type of psychotropic drug
administered. The following types of reaction may
be mentioned:

(a) a sedative-hypnotic reaction (barbiturates);
(b) an anaesthetic reaction (ether);
(c) a paralytic reaction (meprobamate);
(d) a sedative-cataleptic reaction (chlorproma-

zine);
(e) an active cataleptic reaction (mescaline);
(f) a hyperactive reaction (amphetamine);
(g) a convulsive reaction (pentylenetetrazol);
(h) autonomic reactions (these dominate the

clinical picture after some compounds; LSD
causes a hypersensitivity of the sympathetic
system).

INFLUENCE ON ABNORMAL SOMATIC BEHAVIOUR

Abnormal somatic behaviour of animals can be
provoked by brain lesions or induced physically
or chemically.

TABLE 4

GROSS BEHAVIOURAL EFFECTS OF SOME PSYCHOTROPIC COMPOUNDS

Compound Sedation Anaejs-t Paralysis Catatonia Hyper- Convul- Autonomic reactionsthesia ~~~~~~activity sions

Pentobarbital 4% )35%
I I____

Meprobamate 5% * 30%

Mephenesin . ? 30%

D-tubocurarine . 60%

Chlorpromazine 1/2-5% - 10-20% 50% Depression of sympathetic

Reserpine . . 2-10% ).- + Depression of sympathetic
(1/2-2%)

Benactyzine 1-2% 50-75% Depression of parasympa-
thetic

Amphetamine 80-90% - 2-5% Symnpathetic stimulation

Mescaline ... . 2-5% Sympathetic stimulation

+ = marked effect; (+) = slight effect
The figures express the necessary doses as percentages of the lethal dose. An arrow indicates that no sharp distinction is

found between the two types of reactions indicated: no arrow means that the symptom indicated starts suddenly. (Tubocurarine
and mephenesin are Included for the sake of comparison.)
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Up to now, only one form of abnormal behaviour
of this type has been examined thoroughly: the
" waltzing " syndrome in mice. This syndrome is
found genetically in some mouse strains (Rothlin &
Cerletti, 1952). However, certain chlorinated ter-
tiary amines, e.g., flfi-iminodipropionitrile and some

of its derivatives, after a few days daily admini-
stration to mice provoke a typical waltzing syn-
drome lasting for several months (Thuillier &
Nakajima, 1957; this paper also contains further
references). The symptoms of the chemically
induced syndrome are hyperactivity, choreic head-
movements, a tendency to run in circles, and loss of
the ability to swim. Mice with a spontaneously
developed waltzing syndrome are able to swim, and
differ in this way from those with the artificially
induced syndrome. No pathological changes are

found in the CNS of waltzing mice. Rotblin &
Cerletti suggest that the syndrome is due to disturb-
ances in the co-ordinating function of the brain
stem.

Thuillier & Nakajima (1957) have examined the
effects of a large number of compounds on this
syndrome. Reserpine (0.15 mg/kg intraperitoneally),
chlorpromazine (2 mg/kg), and a group of pheno-
thiazine derivatives with a similar general effect
to chlorpromazine-methopromazine (1.5 mg/kg),
methotrimeprazine (0.50 mg/kg), and acepromazine
(0.20 mg/kg)-in the doses mentioned all give
a complete and prolonged inhibition of the hyper-

activity, without ataxia or anaesthesia. When the
animals are submitted to a slight electric stimulus,
they respond with normal, not with ataxic move-

ments, in contrast to untreated controls which re-

spond with violent agitation. Prochlorperazine
(5-7 mg/kg) and promethazine (10-15 mg/kg) give
only an incomplete effect and the doses have to be
increased in order to obtain complete inhibition.
Hydroxyzine (20 mg/kg) has the same effect as
chlorpromazine.

Mephenesin (100 mg/kg), and meprobamate
(150-200 mg/kg) both bring about partial or total
inhibition of the hyperactivity and the waltzing
movements. The active doses give ataxia. Some
hypnotics, such as phenobarbital (30 mg/kg),
pentobarbital (10 mg/kg), glutethimide (30-50
mg/kg), and the carbamide of methylpentynol
(100 mg/kg) cause a decrease in the hyperactivity,
ataxia, and ultimately anaesthesia.

Benactyzine (7 mg/kg) decreases the hyperactivity
and causes an intermittent abolition of the circular
movements, accompanied by a slight ataxia.
LSD (0.1-3 mg/kg) stops the circular movements

and changes the nature of the agitation; violent
tremors are seen. Methamphetamine (20 mg/kg)
also stops the waltzing motion and precipitates
tremors, a reaction very similar to that following
LSD. Rothlin & Cerletti (1952) found that LSD had
the same effect on mice in which the waltzing
syndrome had spontaneously developed. More-

TABLE 5
EFFECT OF PSYCHOTROPIC COMPOUNDS ON WALTZING MICE

Effective Effect on
Compound intraperitoneal Effect on circular Remarksdose hyperactivity movements(mg/kg)

Reserpine . . . 0.15
Total Ihbto oaaiChlorpromazine 2 cessation Inhibition No ataxia

Hydroxyzine . . . 20 )

Mephenesin 100 Less Inhibition Ataxia,

Meprobamate 150-200

Amobarbital . . 40 Less Inhibition Ataxia,
agitation Iniiin anaesthesia

Benactyzine . . 7 Less Partial Tremor,
agitation inhibition ataxia

Methylampheta-
mine | 01 } | Qucalitatives Inhibition Tremors

LSD 0.1 L changesa (1

After Thuiller & Nakajlma (1957)
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over, they found that Hydergine (a mixture contain-
ing equal parts of dihydroergocomine, dihydro-
ergocristine and dihydroergokryptine) in a dose of
2 mg/kg was able to inhibit the circular movements,
while ergotamine and dihydroergotamine were
without effect. Rudberg (1957) found Hydergine
ineffective in the waltzing syndrome provoked by
iminodipropionitrile, which suggests that the
spontaneous and the chemically provoked syndromes
have different causes.

Table 5 gives a summary of these findings.

INTRACEREBRAL INJECTION OF PSYCHOTROPIC DRUGS

Feldberg & Sherwood (1954) have developed a
technique by which it is possible to inject drugs
directly into the ventricles of the brain of conscious,
unrestrained cats. Haley & Dickinson (1956)
applied the same technique in dogs, while Haley
(1957) and Haley & McCormick (1957) made intra-
cerebral injections in conscious mice.
Using the intraventricular technique some funda-

mentally important compounds produce the follow-
ing symptoms:

Acetylcholine (10-20 ,ug) produces at first a state
resembling anakinetic seizure, with signs of retching
and high-pitched phonation. Subsequently, the cat
becomes subdued, appears stuporous, and finally
passes into a characteristic catatonia. A similar
effect is obtained with antichrolinesterases, such as
di-isopropylfluorosphosphate and physostigmine
(Feldberg, 1957).

Epinephrine and norepinephrine (20-80 ,ug) pro-
duce a condition resembling light sodium pento-
barbital anaesthesia, sometimes preceded by swallow-
ing, retching and vomiting.

Muscular weakness, tachypnoea and bursts of
profuse salivation follow the administration of
75-100 ,ug of 5-hydroxytryptamine (Feldberg & Sher-
wood, 1954). In mice, depression, tachypnoea and
pilo-erection, together with scratching, were seen
(Haley, 1957).

Atropine in doses up to 150 ,ug causes a condition
of increased liveliness and restlessness. The cat
becomes unusually affectionate, but appraisal of its
surroundings appears to be impaired. Larger doses
(200-300 ,ug) cause defecation, vomiting, salivation,
and tachypnoea preceding the lively state (Feldberg
& Sherwood, 1954).

Tubocurarine (30 ,ug) results in a condition which
somatically and electroencephalographically bears a
striking resemblance to an attack of grand mal
(Feldberg, 1957).
As to the psychotropic drugs, the state after intra-

ventricular injection is generally more or less
similar to that following oral or parenteral admini-
stration, with the important exception of the amphet-
amines. The doses necessary to elicit symptoms
are much smaller, however, than when the drugs
are injected intraperitoneally.

Chlorpromazine. In dogs, this compound causes
sedation (Cathala & Pocidalo, 1952). In mice,
Haley (1957) found a slight relaxation after 0.5
mg/kg followed by hyperexcitability lasting 1-2
minutes and then by a return to normal activity.
2.5 mg/kg caused raising of the tail and urination,
followed by either hyperexcitability or death. The
survivors remained in a state of sedation for 5-6
hours. With still higher doses (5 mg/kg), sedation
alternated with clonic seizures.

In cats, intraventricular administration of 2-3
,ug/kg of reserpine did not cause apparent symptoms,
but 20-30 jug/kg were followed by mewing, mydriasis,
defecation, drowsiness, and indifference. In one
cat, generalized tremors and salivation were seen,
but the animal was found completely normal
2 hours later. The effect was different from that of
intraperitoneal administration of reserpine. No
miosis, relaxation of the nictitating membrane or
stupor was found (Gaddum & Vogt, 1956; Haley,
1957).

Urethane (20 mg) does not produce an anaes-
thesia-like state, but a state which strikingly resem-
bles normal sleep, as the cat can be roused to a short
interval of normal behaviour before it goes to sleep
again (Feldberg, 1957).

Azacyclonol (50 ,ug/kg) causes accelerated respi-
ration, micturition, defecation and pilo-erection,
followed by a period of depression.
The amphetamines provoke quite the opposite

symptoms when injected intraventricularly to those
that follow systemic administration. Gaddum &
Vogt (1956) found that about 0.1 mg/kg of amphet-
amine or methylamphetamine caused immediate
vomiting, followed by a lethargy lasting for 3-4
hours.

In mice, LSD (125 ,ug/kg) provoked hyperexcita-
bility and aggressiveness, followed by a stupor
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lasting about 12 hours (Haley, 1957). In cats, doses
of about 50 ,tg/kg intraventricularly caused only
minor symptoms (e.g., salivation), while 200 ,ug/kg
resulted in a state of sham rage. The same symptoms
were seen after about 3-4 mg/kg i.v. Moreover,
Haley & McCormick (1956) found profound
activation of the autonomic system, both in cats
and dogs, manifest by salivation, retching, emesis
and micturition. A fear complex also seems to be
produced. In dogs, LSD is able to prevent the
development of catalepsy following introduction
of 5-hydroxytryptamine into the third ventricle
(Fazio & Sacchi, 1957).

In mice, intraventricular injection of mescaline
provokes aggressiveness and paroxysms of scratch-
ing, followed by a period of depression (Haley,
1957). In cats, 0.3-1 mg/kg results in a catatonic
stupor, preceded by a period of howling, salivation,
tachypnoea, retching and defecation (Sturtevant &
Drill, 1956). The end-effect of intraperitoneal
injection of 50-75 mg/kg is also stupor, preceded by
a period of autonomic excitation.
With bulbocapnine, a catatonic stupor results

after administration of about 0.2-0.3 mg/kg. intra-
ventricularly. This catatonia is similar to that seen
after administration of bulbocapnine subcutan-
eously (Feldberg & Sherwood, 1955).
Very few experiments have been done in which

drugs have been introduced locally into the CNS
at other sites than the ventricles. Olds & Olds (1958)
have trained rats to give themselves intracerebral
injections of minute amounts (1-2 ,tg) of various
compounds. Injections into the basal ganglia at
the point where electrical stimulation gives a strong
positive reward (ventral posterior hypothalamus
just anterior to the mamillary body) has the following
results: acetylcholine and S-hydroxytryptamine do
not have any rewarding effect, but quickly cause
loss of muscular tone and sleep; adenosine triphos-
phate and norepinephrine do not have any observ-
able effects; epinephrine causes loss of motor co-
ordination which slows down the rate of self-
injection, apparently concealing the slight traces
of a rewarding effect; iproniazid (the monoamine
oxidase inhibitor) brings about a striking increase
in the number of self-injections.

It is uncertain which parts of the brain besides
the cells placed superficially in the ventricles are
reached and influenced by intraventricular injections.
Haley (1957) has given an excellent table in which
the possible sites of action of a large number of
compounds are listed. Fazio & Sacchi (1957), who

have made a study, dating back to 1947, of the
cataleptic symptoms caused by substances intro-
duced into the subarachnoid spaces and cerebral
ventricles, stress that the symptoms vary with the
species examined and, of course, with the site of
administration. Nevertheless, it would seem safe
to conclude that when local and systemic administra-
tion provoke the same symptoms, the main centres
reached must be the same. This seems to be the
case after LSD and bulbocapnine. With mescaline
and with chlorpromazine, the symptoms provoked by
the two types of administration are partly the same.
Only the effects on the gross behaviour of the animals
have been described so far, however, and nothing
definite can be concluded until all the symptoms
have been investigated with every available means,
including the EEG.
With the amphetamines, such striking differences

in effect are observed that obviously the centres
mainly responsible for the action of the ampheta-
mines after systemic administration are not reached
by the intraventricular route.
A comparison between the effects of the drugs

and those of the compounds which play, or are
supposed to play, a role as chemical transmitters in
the interneuronic synapses might give a hint as to
the possible mode of action of the psychotropic
drugs. Fazio & Sacchi (1957) found that 5-hydroxy-
tryptamine injected into the third ventricle of dogs
resulted in cataleptic symptoms. Catalepsy was also
produced when the injection was made intra-
cisternally and measures were taken to prevent the
introduced substance from reaching the third
ventricle.
The action on the gross behaviour of animals of

intraventricularly injected atropine has a certain
similarity to the action of benactyzine, which
suggests that the action of the latter compound is
due to its anticholinergic properties combined with
an affinity for certain nerve centres. On the other
hand, in man, intraventricular injections of atropine
seem to increase the occurrence of alpha-waves,
Sherwood, 1955) while subcutaneous injections of
benactyzine apparently have the reverse effect.
The resemblance between the symptoms produced

by epinephrine and by the amphetamines suggests
strongly that the effect of the latter is due to their
sympathicomimetic properties.
Summary
Most psychotropic compounds provoke definite

symptoms when injected intraventricularly. The
symptoms generally appear after very small doses.

4
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LSD, bulbocapnine, and, to some extent, mesca-
line and chlorpromazine elicit the same symptoms
after intraventricular as after systemic administra-
tion.

Intraventricular injection of the amphetamines
produces precisely the opposite effect to systemic
administration.
So far, only the effects on gross behaviour have

been studied.

EFFECTS ON RESPONSES TO STIMULI

There are two forms of response to stimuli-
unlearned reactivity and learned reactivity-which
for practical reasons will be considered separately.
Unlearned reactivity represents all innate reactions,
specific to each species, including all instinctive
behaviour. Learned reactivity includes the condi-
tioned reactions and reflexes.

Unlearned reactivity
Unlearned reactivity comprises a great variety

of different behavioural reactions. The influence
of psychotropic agents has only been studied on
comparatively few of these reactions, and only a
few examples will be given here. The test objects
used have generally been mammals-monkeys,
dogs, cats, rats, or mice-but other animals have also
been studied, for instance, spiders and fishes. The
hypothetical basis for the use of lower animals,
especially fishes, is the assumption that the fish-
brain corresponds phylogenetically to the subcortical
structures of the mammalian brain. Compounds
with an effect on these structures can with advantage
be studied on naturally " decorticated" animals.

Effect on fighting fish. The Siamese fighting fish
(Betta splendens) normally responds to exposure to
another fish of this species with characteristic
postures and violent attacks. The influence of
various compounds can be studied when the fish
are kept for some time in water in which these
compounds are dissolved. Reserpine (10 jig/ml)
causes a slight depression of activity, the animals
refusing to fight and retracting when exposed to
another animal. Chlorpromazine (2 ,tg/ml), besides
provoking marked depression, causes the fish to
retract when attacked and refuse to fight. Some of
the antihistamines tested-promethazine, tripelen-
namine (20 ,ug/ml), and diphenhydramine (5 jug/ml)-
also produce depression, and the reaction of the
fish to exposure to another fish is characterized by a
very rapid retreat (Walaszek & Abood, 1956).
Meprobamate (10-100 jtg-ml) only results in a very

slight depression, and the fish respond to exposure
to other animals with retreat and refusal to fight
(Walaszek & Abood, 1956; Carlo, 1957). Of the
hypnotics, the only ones examined-phenobarbital
(30 ,ug/ml) and thiopental (20 ,ug/ml)-give a different
picture. In spite of marked depression, the fish still
respond with fighting (Walaszek & Abood, 1956).
The effect of meprobamate thus resembles that of
reserpine or chlorpromazine more closely than to
that of the barbiturates.

Effect on the orienting or focussing reflex. This
reflex has also been called the orienting response
and represents the sum total of an organism's re-
action to a new stimulus. This response is best in-
vestigated in dogs. Typically, a new stimulus will
elicit increased motor activity, with barking, pricking
of the ears, cocking the head back and forth, turning
the body towards the source of the stimulus, etc.
This activity is accompanied by autonomic changes,
such as accelerated cardiac and respiratory rates,
glandular discharges, etc. If the stimulus is repeated
and has no meaning to the animal, the orienting
response is extinguished. The effect of a number of
psychotropic compounds on the orienting response
has been investigated by W. Horsley Gantt and his
co-workers.

Alcohol and the barbiturates have no effect on
the orienting response except in large doses.
With amobarbital certain orienting movements

a slight quivering or even a slight elevation of the
ears-could be detected at stages where both condi-
tioned and unconditioned reflexes had entirely dis-
appeared. Such orienting movements were the last
to be submerged and the first to reappear (Wolff &
Gantt, 1935). With alcohol, the orienting reflex
was not weakened, however large the dose, even
in stages where the conditioned reflexes were lost
altogether (Gantt, 1957).

In dogs, chlorpromazine in doses of 2.5 mg/kg
is able to abolish completely not only the somato-
motor component of the orienting response, but also
the increase in the heart rate (Gliedman & Gantt,
1956).

Reserpine (0.1 mg/kg) has a similar effect to that
of chlorpromazine on the orienting response. The
effect of both compounds is distinguished from that
of alcohol and the barbiturates by the fact that some
conditioned response remains after the orienting
response has disappeared. With alcohol, the condi-
tioned responses disappear while the orienting
response is still present (Gliedman & Gantt, 1956).
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Effect on the escape reaction. When animals are
exposed to noxious stimuli, they try to escape. In
most experiments, the animals are exposed to heat
or to an electric shock from the floor of the cage.
All the psychotropic drugs examined in non-anaes-
thetic doses have very little influence on the escape
reaction. Large doses of chlorpromazine have,
however, a slight inhibiting effect on the escape
reaction.

Effect on aggressive behaviour of monkeys. It has
repeatedly been shown that normally aggressive
and ferocious monkeys are " tamed" by administra-
tion of some of the psychotropic depressants
and become easy to handle. With reserpine, a state
of sedation gradually develops, during which it is
possible to handle or stroke the animal safely with
bare hands. The physical and emotional response
to a threatening situation is markedly reduced, and
the approach of another animal or a human being
is amiably tolerated (see, for example, Plummer
et al., 1954; Chusid et al., 1955). The taming
effect of reserpine is generally transient, and rarely
observed as the only symptom; even after a dose of
only 1 mg/kg i.v., cataleptic sedation and/or extra-
pyramidal and autonomic effects develop.
The taming effect of meprobamate is also accom-

panied or followed by more pronounced symptoms.
Monkeys given 200 mg/kg by stomach tube become
more manageable within 30 minutes. " They did not
object to being handled, tolerated petting, and did
not show any signs of fear. Offered food was
readily accepted and eaten. About 60 min. after the
administration . . . the animals suffered some loss
of coordination and gradually became paralyzed"
(Berger, 1954). However, Carlo (1957) states that
monkeys " tamed " with meprobamate will remain
alert and interested in their surroundings and accept
food eagerly.
The taming effect is also found after chlor-

promazine, but in this case it seems to occur only
when the monkeys are in a state of partial, if not
very deep, sedation. The taming is apparently
not very complete. After larger doses (up to 77 mg/kg
daily), grimacing and unprovoked aggressiveness,
characteristic of the rhesus monkey, were decreased.
However, if the animals were handled, they resisted
and tried to bite (Essig & Carter, 1957).

Benactyzine has no " taming" effect on the mon-
keys (Berger et al., 1956b), nor have the barbiturates.

Effect on the nest-building instinct in rats. When
rats are left to themselves in cool surroundings with

a suitable material, such as paper, in their cages,
they build themselves nests. When the nests are
destroyed, they start over again the next night.
Schwartzbaum (1955) investigated the influence
of chlorpromazine and reserpine on this instinct.
The nest-building instinct is suppressed after a dose
of 0.75-1.50 mg/kg of reserpine. Rats maintained on
this dose sought warmer surroundings more readily
than usual when given the opportunity. With
chlorpromazine (10 mg/kg) a similar, although less
pronounced inhibition of the nest-building instinct
was seen, but the rats did not show any unusual
preference for seeking warmer surroundings.

Learned reactivity

In most experiments on learned reactivity, the
animals have been trained to avoid a disturbing or
even a noxious stimulus when a given warning
signal is sounded. In other experiments, they have
been trained to react in a way that will bring them
a reward. In a few experiments, the conditioned
autonomic reactions to the stimulus have been
measured, such as variations in salivary secretion
or heart rate. However, most reactions studied
have been somato-motor. Such reactions consist,
for example, in moving a leg, climbing a rope or a
pole, or moving into another part of the cage when
the warning signal is given. The frequency and
velocity with which the animals respond is a measure
of their readiness to react. The use of the Skinner
box represents a somewhat different technique. The
Skinner box is a cage in which a lever can be operated
by the experimental animal. For measuring avoid-
ance reactions, the animal is taught to avoid or
postpone a disagreeable stimulus (e.g., an electric
shock) by pressing the lever. The number of times
the lever is operated and the duration of the intervals
are recorded in a suitable manner and give a measure
of the intensity of the avoidance reactions. The
drive to obtain a reward can also be measured in
the Skinner box. Hungry animals can be taught to
obtain a food pellet or thirsty animals to cbtain
a drop of water or orange juice on pressing the lever.
In some kinds of experiment, the animal has to press
the lever a certain number of times in order to
obtain the reward, in others the rewards are obtained
at fixed intervals, but still only when the lever is
pressed.

Stimulation by means of electrodes implanted in
medial or lateral areas of the hypothalamus, or in
medial, lateral, dorsal or ventral areas of the septal
region, apparently creates a considerable positive
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drive in the animals and acts as a reward. If the rats
are able to stimulate themselves by actuating a lever,
the frequency with which they press the lever gives
a measure of the positive drive. According to the
site of the implanted electrode, the rate of self-
stimulation may vary from a few hundred up to
5000 stimuli per hour. The number of self-stimuli per
hour is very constant from day to day. There is some
evidence that the system stimulated in these experi-
ments is divided into separate sub-systems, each
related to a different basic drive, such as hunger,
thirst, sex, etc. (Olds et al., 1956, 1957; Killam et
al., 1957).
Effect on the avoidance reaction. Using the rope-

climbing technique, Courvoisier (1956) found that
subcutaneous injection of 1.0 mg/kg ofchlorpromazine
definitely retards the response of rats to an auditory
stimulus and slows down the speed of reaction.
With larger doses there was total inhibition of the
response. In spite of the fact that the rats seemed
disinterested in the auditory warning, they were
not particularly sedated. Gatti (1957) found that
the effect starts after as little as 0.1 mg/kg s.c. Male
animals are more sensitive than females to the
inhibiting effect of perphenazine or chlorpromazine
on avoidance behaviour. The sensitivity to the drug
can be reduced by a noise background and/or a
shock stimulus. Chronic daily administration of
chlorpromazine or perphenazine leads to tolerance
to the effects of these drugs on avoidance behaviour
but not to their locomotor-suppressant actions
(Irwin, 1958). Using a technique slightly different
from that used by Courvoisier and Gatti, Jacobsen
& Sonne (1955) were able to confirm that chlorpro-
mazine inhibits the conditioned response in rats, and
similar findings have been reported by Votava
& Vanecek (1956). In dogs, Gliedman & Gantt (1956)
found a certain inhibition and retention of motor
conditioned reflexes after 2.5 mg/kg of chlor-
promazine. The dogs were trained to lift a foreleg
on hearing a sound signal which was followed by
a mild electric shock. Most of the dogs reacted
with acceleration of the heart rate when the signal
was sounded. This reaction was less inhibited than
the motor reaction after administration of chlor-
promazine. Analogous results were obtained by
Domino et al. (1958). Smith et al. (1957) found
that in monkeys the taming effect of chlorpromazine
(1 mg/kg) already mentioned was followed by a
decreased avoidance reaction. This effect was the
same in normal animals and in animals whose tem-
poral or frontal lobes had been removed. Reserpine

acts in a very similar manner to chlorpromazine on
the avoidance reaction. Jacobsen & Sonne (1955)
found that it inhibited the reaction in rats, but with
the rope-climbing technique, Gatti (1957) was unable
to demonstrate any clear deconditioning effect,
even after doses that were approaching the lethal
level. Gliedman & Gantt (1956) describe exactly
the same effect on dogs after 0.1 mg/kg of reserpine
as after 2.5 mg/kg of chlorpromazine: a considerable
depression of the conditioned motor responses, but
not their complete suppression, and no change or
only a slight decrease in the heart rate as an indicator
of the autonomic response. Monkeys which were
trained to move from one part of the cage to another
in response to an electric light signal showed a
decrease to 25 % of the normal response after
0.37 mg/kg reserpine, and a decrease to 75% of
normal after 0.25 mg/kg. The effect of 0.15 mg/kg
was practically nil. Animals whose temporal lobe or
whose frontal lobe had been removed showed a much
less pronounced inhibition of the avoidance reaction
(Smith et al., 1956). In a later paper, Smith et al.
(1957) report a similar inhibiting effect after
rescinnamine (0.5 mg/kg) and desmethoxyreserpine
(0.5 mg/kg). The effects of these two compounds on
the lobectomized monkeys differed somewhat from
that of reserpine. Rescinnamine had a similar effect
on both lobectomized and normal animals, wbile
desmethoxyreserpine had a less pronounced effect
on animals whose frontal lobes had been removed.
Before definite conclusions can be drawn, more
experiments on normal and lobectomized animals
are necessary.
Morphine in doses of 0.5-5 mg/kg was found by

Stephens & Gantt (1953) to inhibit the conditioned
somato-motor responses but to have hardly any
effect on the conditioned autonomic responses of the
cardiac rate. In rats trained to move from one
part of the cage to another on a warning signal,
Holten & Sonne (1955) found a pronounced inhibi-
tion of the response after 6-20 mg/kg s.c. Courvoisier
(1956) states, however, that no effect is seen after
morphine, but she does not give the doses used.
Using the same technique as Holten & Sonne,
Ambus et al. (1957) found a clear inhibition of the
conditioned response after 1-4 mg/kg iv.
With meprobamate (600 mg/kg) Jacobsen & Sonne

(unpublished) found no effect, either inhibiting or
facilitating, on the avoidance reaction. The dose
administered was large enough to cause an easily
observable change in the tense behaviour exhibited
by the animals between stimuli, and also provoked
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a slight ataxia. Using the rope-climbing technique,
Gatti (1957) found a characteristic modification of
the pattern, the reaction being present but consider-
ably delayed after meprobamate (100-200 mg/kg).
In dogs, no effect on the avoidance response was

found after doses too small to produce a motor
deficit (Domino et al., 1958).

Amobarbital in doses of 6 mg/kg was found
without effect on the avoidance reaction (Jacobsen
& Sonne, unpublished). In Courvoisier's (1956)
experiments using the rope-climbing technique,
no effect was observed when barbiturates were given
in up to hypnotic doses.

Little is yet known about the effect of the minor
tranquillizers on the avoidance reaction. Votava
& Vanecek (1956) found that the reaction was

unaffected by diphenhydramine, and Gatti (1957)
made a similar observation with hydroxyzine.

LSD produces a slowing of the climbing time
which is linearly related to the logarithmic dose
(Winter & Flataker, 1957).

Mescaline given to dogs in doses of 7 mg/kg had
no effect on the general behaviour or on the somato-
motor response, but it produced an increase in
heart rate, indicating that the autonomic response

was somewhat augmented. A dose of 35 mg/kg
caused a slight decrease in the motor response, as

measured by the percentage of responses, the
decrease in the amplitude of the movements, and
the prolongation of the latent period. The autonomic
component was almost completely inhibited by this
dose. A still higher dose (70 mg/kg) caused total
inhibition of both the somatic and the autonomic
conditioned reflexes. However, the usual condi-
tioned motor reflex was replaced by squealing and
howling as soon as the warning signal was sounded.
With this large dose, a cataleptic state was obtained,
but the unconditioned reflexes to pain and the
orienting reflex remained intact (Bridger & Gantt,
1956).
The avoidance reaction is found to be enhanced

by the amphetamines and also by pipradrol (10
mg/kg). This compound acts as a stimulant and
improves the performance of both normal and poor

performers (Winter & Flataker, 1957). Jacobsen &
Sonne (unpublished) found this effect to be not as

pronounced as after benactyzine.
They also found (1955, 1956) that benactyzine

facilitates the avoidance reaction in rats after
6 mg/kg s.c. During training, the conditioned
response pattern developed more rapidly. The

number of conditioned responses was increased in
medium and poor performers under the influence of
benactyzine. Finally, when the conditioned reac-
tions were extinguished owing to lack of reinforce-
ment, benactyzine was able to revive them to a
certain degree. Neither Courvoisier (personal com-
munication) nor Gatti (1957) found any facilitation
of the avoidance reaction after benactyzine (10
mg/kg s.c.), using the rope-climbing technique in
rats.

Effect on the reward reaction. Reward reactions
are, in general, influenced by drugs in the same way
as avoidance reactions, but it seems that the results
depend to some extent on the kind of reward offered
to the animals.

Chlorpromazine depresses the reward reaction.
Using the Skinner box, Boren (1957) found a
depressing effect, both when the rewards were given
at fixed intervals and when the intervals were
irregular. With water as a reward, chlorpromazine
in doses of about 1 mg/kg caused 50% depression
(Vernier & Brady, 1957). In experiments in which
self-stimulation was the reward, chlorpromazine
(2.5 mg/kg i.p.) inhibited the lever-pressing activity
of animals with the stimulating electrodes placed
in the dorsal septum and in the hypothalamus
(Killam et al., 1957). The effect of chlorpromazine
depends on the site of the electrodes. Olds and his
collaborators (1957) note especially that posteriorly
placed electrodes normally give a violently rapid
rate of stimulation, and that this is completely
abolished by chlorpromazine in doses which are
without effect when the electrodes are placed in the
anterior part of the hypothalamus. In the latter
case, only a moderate response is seen when the
rats are untreated.

Reserpine was found to depress the drive for a
reward with all techniques used (Brady, 1956). In
the Skinner box 0.035 mg/kg i.p. caused a 50%
depression (Vernier & Brady, 1957). With the self-
stimulating technique, the depressing activity was
only inhibited in rats in which the electrodes were
placed in the hypothalamus (Killam et al., 1957).
However, when lower stimulating currents were
applied, no effect of reserpine could be observed.
Olds and his co-workers (1957) suggest that the
inhibiting effect of reserpine found by earlier workers
using strong electric currents was due to the fact
that reserpine decreases the threshold for internal
seizures and thus changes the rewarding character
of the stimulation.
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Mephenesin has been examined in the Skinner
box. A dose of 45 mg/kg gave a 50% depression
(Vernier & Brady, 1957).

Azacyclonol (20-30 mg/kg) gave a short-acting
depression of the reward reaction in self-stimulating
experiments with the electrodes placed in the hypo-
thalamus or septum. The effect commenced about
half an hour after administration of the drug
(Killam et al., 1957).
Boren (1957) obtained somewhat equivocal

results with benactyzine administered to rats in the
Skinner box. It stimulated lever-pressing when the
rewards were given at fixed intervals, but seemed
to depress the activity when the rewards were given
at variable intervals.

Pipradrol (8 mg/kg) increases the response rate in
self-stimulating experiments with electrodes placed
laterally in the hypothalamus and septum. No
change occurs in animals with electrodes placed
medially in the same area.
Amphetamine (0.5 mg/kg i.p.) not only increases

the rate of response but may also lower the threshold
in self-stimulating experiments (Killam et al., 1957).

In experiments with dogs using conditioned
salivary secretion as indicator, it was found that
amphetamine (1 mg/kg) decreases the unconditioned
secretion to food, but causes a relative increase in
conditioned secretion. The latent period for the
conditioned secretory response was shortened
(Alpern et al., 1943).
LSD causes a certain inhibition of the self-

stimulating rate. The effect is not as complete as
the maximum chlorpromazine effect, but is found
over a much wider area. It is antagonized by sero-
tonin when the electrodes are placed in the septal
region, the preoptic region, or the extreme posterior-
ventral hypothalamus, but not when they are
placed in the sub-septal region or in the middle
hypothalamus (Olds et al., 1957).

Discussion
The effects of the various compounds vary with

the type of stimulus studied. It is not even possible
to generalize that if a particular drug has a certain
influence on one type of unlearned reaction it will
have the same influence on all other unlearned
reactions.
The quality of the stimulus plays an important

role. This fact does not need to be emphasized.
Obviously a much higher dose is needed to abolish
an escape reaction to a strong stimulus than to

abolish a complex chain of instinctive behaviour.
Some investigations seem to suggest that the in-
fluence, especially the depressing influence, on an
unlearned or a learned reaction is due more to an
impairment of the reception stimulus than to an
influence on the reaction itself. An indication of this
is already provided by the observation that the
escape reaction to noxious stimuli is not influenced
by concentrations that inhibit other forms of
unlearned reactivity. There is other evidence from
more direct experiments, however. Monkeys have
been exposed to a situation in which an avoidance
reaction normally develops. They were trained to
avoid a strong electric shock in response to a warning
signal presented 30 seconds before the shock would
appear. Only a short training period was necessary
to teach the animals the avoidance reaction. Animals
trained under the influence of reserpine did not
develop the avoidance reaction. In order to con-
dition them in this way, the animals had to be
trained in subsequent experiments when they were
not under the influence of reserpine. This required
the same time as with normal untreated animals
which had never been trained. Trained normal
animals which were exposed to a series of warning
signals not followed by shocks lost the conditioned
escape reaction in subsequent experiments. Further-
more, the reaction was not extinguished if the
animals were under the influence of reserpine
(Weiskrantz, 1957). Unfortunately the influence of
reserpine on sensual perception and the connexion
between this and the effect on the escape reaction
has been insufficiently studied; but the effect seems
to depend somewhat on the kind of perception and
the kind of reaction.

In pigeons, Blough (1957) studied the effect on
the ability to discriminate between two stimuli and
found that LSD improved the discrimination while
chlorpromazine caused some impairment.

Imprinting is an extremely rapid form of learning
that can take place only during a very brief period
in the early life of some organisms. Mallard duck-
lings show maximum susceptibility to imprinting
only between 12 and 17 hours after hatching.
During this period, they join the first living creature
they see and follow it, whether it is a female duck,
a male duck, a hen, or even a man. Lorenz (1949)
gives a touching and amusing account of the im-
printing phenomenon in a gosling. Imprinting of
mallard ducks is almost impossible when the birds
are under the influence of meprobamate (25 mg/kg),
although the animals are quite active and behave
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normally. Meprobamate appears to extend the
critical age for imprinting. When the effect of the
drug has worn off the animals can be imprinted,
even if they would normally be too old. Nembutal
has a slight, but similar effect, but chlorpromazine
15 mg/kg shows no effect on imprinting (Hess, 1957).
The study of this phenomenon also provides an

indication of the effect of the compounds on sensory
impressions.

Another point is the significance of the type of
motivation. As mentioned, learned reactions can
be divided into two groups-avoidance reactions
and reward reactions. On the whole, it seems that
the effect of psychotropic drugs on learned reactions
is independent of the type of motivation. However,
some experiments have been done which seem to
show that the two types of reaction can be influenced
differently in one and the same experiment. When
stimulating electrodes are introduced into certain
parts of the CNS, a reward response, as described
by Olds et al. (1957), and a punishment response may
appear simultaneously. Miller (1957) suggests that
perhaps two different systems with different rates
of recruitment are being stimulated at the same
time. In a typical experiment, rats are placed under
circumstances in which they are able to start the
self-stimulation, e.g., by means of a bar switch, and
to stop it again, e.g., by rotating a wheel. The
number of self-stimulations per unit of time is an

expression of the drive for the reward and the
speed with which the current is turned off again is
an expression of the effect of punishment. A
striking difference in the pattern was seen after the
administration of methylamphetamine and chlor-
promazine. The primary effect of the former was

to increase the time to turn the stimulation off, while
that of the latter was to increase the time to turn it
on (Miller, 1957).
The effects of the various compounds vary with

the type of reaction measured. A clear difference is
seen when the effects on the autonomic and on the
somatic response are compared, as, for example,
in the case of mescaline and morphine. With the
former, the autonomic cardiac response is first
enhanced, and later inhibited, in doses which leave
the somatic conditioned response almost unaltered.
With morphine, the conditioned somatic response
is reduced or abolished in doses which have no effect
on the cardiac response. Such a dissociation of
systems has been called " schizokinesis " by Gantt.
It is certain that not only is there a dissociation of
effect between the somatic and autonomic systems,

but also a variation in effect from compound to
compound within these systems. This variation
could undoubtedly be of value in the characterization
of psychotropic drugs, but unfortunately no sys-
tematic investigation has been made in this field.

In spite of these possible variations in effect,
depending upon the kind of response studied, many
of the compounds are characterized by a certain
pattern. Table 6 summarizes the effects found.

Summary
The reactive behaviour of experimental animals

varies with the type of psychotropic compound
and the type of response studied.

Alcohol and barbiturates inhibit some learned
responses in lower doses than unlearned responses.

Reserpine and chlorpromazine (and morphine, as
far as examined) inhibit some unlearned responses in
doses that are without effect on the conditioned
responses, and doses that inhibit the somato-motor

TABLE 6
EFFECTS OF SOME PSYCHOTROPIC COMPOUNDS

ON REACTIVE BEHAVIOUR

> = >% 0) Conditioned responses

Compound (D EI , Avoidance Reward

<.Q.c 0 S-M al Vb S-MaI Vb

Barbiturates ..

Alcohol . . . .

Reserpine . . . . -= - =

Chlorpromazine .

Meprobamate . . - 0 _c

Morphine . . . . - 0

Benactyzine . . . 0 +

Amphetamine .+d
Pipradrol .

Mescaline. . 0 0 (±)

LSD ......

a S-M = somato-motor reaction
b V = vegetative-autonomic reaction
c Effect of mephenesin
d Relative effect

0 indicates no effect; + indicates enhancement; - indi-
cates inhibition; + indicates enhancement in some types of
experiment, inhibition in others; (±) indicates enhancement in
smaller doses, inhibition in larger; = Indicates an inhibiting
effect observed in smaller doses than that indicated by -.

The table is compiled from different sources and must
consequently be interpreted with caution.
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responses have no effect on certain autonomic
responses.

Benactyzine and the amphetamines enhance
certain conditioned responses.

Mescaline inhibits some conditioned responses
(the autonomic in lower doses than the somato-
motor).

EFFECT ON BEHAVIOURAL CHANGES
DUE TO PSYCHIC STRESS

Several methods have been used to study the
influence of drugs on the effect of psychic stress in
experimental animals. In some types of experiment,
the performance of the experimental animals has
been studied, in others merely their behaviour as
expressed by spontaneous motor activity or adoption
of certain postures. Frequently, the combined
influence on both types of reaction has been
observed.
The " emotional " disturbance is generally pro-

voked by submitting the animals to frequent electric
shocks. Continuous acoustic or visual stimuli, which
have been combined with an electric shock in
preliminary experiments, are also effective. The
disturbances provoked by such means are known as
"conditioned emotional disturbances ". In other
types of experiment, an emotional disturbance has
been provoked by placing the animals in a conflict
situation.

Conditioned " emotional " disturbances
If monkeys are exposed to a clicking noise followed

by an electric shock, after a number of pairings of
clicker and shock, they will respond to the clicker
alone with signs of agitation. Boren (1957) found
that this behaviour is uninfluenced by benactyzine,
but depressed by chlorpromazine. Vernier & Brady
(1957) found that reserpine retarded the acquisition
of the conditioned emotional response to a greater
degree than chlorpromazine or mephenesin. Brady
(1956) showed that although reserpine slowed the
general performance considerably, the difference
between the Skinner box performance with and
without psychic disturbances was less in the emo-
tionally disturbed monkeys than in normal controls.
Using rats, Gatti (1957) found that the working

speed before a "conditioned " disturbance was
unchanged after meprobamate and hydroxyzine,
slightly increased after benactyzine, and impaired
after chlorpromazine. After an " emotional "
disturbance (evoked by the sound of a bell followed
by an electric shock) there was a pause in the

performance. This was only very short and insig-
nificant in the control rats, but after chlorpromazine
(1 mg/kg) a much longer pause was noted. The same
effect was produced by hydroxyzine (10 mg/kg), and
benactyzine (10 mg/kg). After meprobamate (25
mg/kg), only a short pause was seen, very little
different from that in the controls.

Conflict-induced behaviour ("experimental neurosis")
The term " experimental neurosis " was coined by

Pavlov for a condition in animals, characterized
by restlessness or stupor, accompanied as a rule
by certain autonomic manifestations, such as retch-
ing, vomiting, diarrhoea, etc. The condition is
provoked by repeated exposure of the animals to
situations of psychic conflict over a fairly long period
(several days or weeks). Pavlov described two types
of experimental neurosis, the " inhibited " and the
" excited ". In the first type, the animals are stiffened,
sometimes almost catatonic, and autonomic symp-
toms may predominate. In the excited type, the
animals are restless, aimless, and uncooperative
in the experiments. Either type may be provoked
by the same situation, depending on the inherent
psychic nature of the experimental animal. Before
the symptoms of the " experimental neurosis "

are fully developed, the experimental situation in
which the conflict is presented to the animals evokes
a characteristic behaviour, which is here called
"conflict-induced behaviour ".

In the earlier Russian literature, e.g., Babkin,
(1938) it was stated that dogs with " experimental
neurosis reacted favourably to bromides adminis-
tered in "suitable " doses; less satisfactory and only
transient effects were seen after administration of
sodium amobarbital, pentobarbital, tribromethanol,
and alcohol. It is not clear by which method the
Russian investigators provoked the experimental
neurosis.

In a single dog with an inhibited neurosis of
unknown origin, Gantt (personal communication)
found chlorpromazine without effect, but some
relaxation after meprobamate. Massermann and
his co-workers worked out a method of provoking
conflict-induced behaviour in monkeys or cats.
Their method has the advantage that the conflict
is induced by a standardized technique and that it
is fairly easy to describe the intensity of the beha-
vioural symptoms (Massermann & Yum, 1946).
The conflict situation is provoked by the following
technique: In a specially constructed experimental
cage, the animals are taught to feed themselves
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by pressing a lever which brings a food-pellet into
a box. The animals open the box and take the
food-pellet. Then they return to the lever, press it,
go back to the box, take the pellet, and so on. When
this feeding-habit is well established, the conflict
is induced: about every tenth time the animal
opens the box in order to take the food-pellet,
instead of finding a pellet it receives a stimulus which
is disagreeable or even frightening to the animal-an
airblast and/or an electric shock if it is a cat, or the
sight of a toy snake in the case of a monkey. When
the experiments are repeated in this way for several
days, some well-characterized behavioural changes
develop. The well-established feeding pattern
breaks down, displacement activities are found,
and autonomic reactions may appear (retching,
vomiting, diarrhoea). Finally, the animals become
restless and uncooperative. They also lose weight
between the experiments. The frequency and the
intensity of these symptoms can be measured by
means of a suitable rating scale.
Massermann &Yum (1946) found that alcohol was

able to prevent the development of the conflict-
induced behavioural symptoms and to restore
a more normal behaviour in the cats. The same
effect was found after amobarbital (Massermann
& Siever, 1944), and morphine (Wikler & Masser-
mann, 1943). However, at least in the case of
alcohol, the dose necessary to influence the symp-
toms was so large that a certain ataxia and a change
in the normal feeding pattern were seen. Jacobsen
& Skaarup (1955a,b) have used Massermann's tech-
nique to investigate the effect of some of the psycho-
tropic compounds on conflict-induced behaviour in
cats.

In doses of about 0.25 mg/kg s.c., benactyzine was
able to restore the behavioural pattern partly or
almost completely to normal without inducing any
other apparent symptoms (except pupillary dilata-
tion). Chlorpromazine was tested in doses ranging
from 0.05 mg/kg up to 1 mg/kg; it produced ataxia
and sedation without any apparent specific influence
on the conflict-induced behaviour. In more recent
experiments, Jacobsen (unpublished) has found that
doses of 75-100 mg/kg s.c. of meprobamate give a
specific effect, which seems to be the same as that of
0.25 mg/kg of benactyzine, except that some ataxia is
also seen. A dose of 50 mg/kg had no notice-
able effect. Reserpine seems to have no effect in
doses below those that cause general sedation, thus
masking a possible specific effect. Amobarbital pro-
duces a slight effect in doses of 2-10 mg/kg; higher

doses cause sleepiness and ataxia. Hydroxyzine
exerts a slight, but unmistakable effect in a dose of
2-3 mg/kg. Most of the effective compounds, with
the exception of benactyzine, are only effective in
doses causing other symptoms, especially ataxia.
Naess & Rasmussen (1958) have studied conflict-

induced behaviour in rats, using a somewhat dif-
ferent technique. Thirsting rats were placed in a
cage with a cup of water. Attempts to drink from
the cup were punished by an electric shock. The
Norwegian authors measured the lapse of time before
the first attempt to drink, the number of attempts to
drink in spite of the shocks given, and the number
of approach-withdrawal responses. These res-
ponses were characterized by an easily recognizable
behaviour pattern: a slow and cautious approach
to the cup followed by a sudden and quick with-
drawal without any attempt to drink. Chlor-
promazine (6-7 mg/kg) caused a marked decrease
in the number of attempts to drink and also in the
number of approach-withdrawal responses. Amo-
barbital (10-15 mg/kg) caused some depression of the
approach-withdrawal reaction, but increased the
number of attempts to drink compared with the
control period. This effect was still more pronounced
with meprobamate; after a dose of 100 mg/kg, the
approach-withdrawal reactions were diminished to
about one tenth of those in the controls, and the
attempts to drink were increased tenfold in spite
of shock. Benactyzine (10 mg/kg) decreased the
number of approach-withdrawal responses to about
50% and increased the number of attempts to drink
but not as much as meprobamate or amobarbital.
The lapse of time before the first attempt to drink
was uninfluenced except by benactyzine, which
shortened the time considerably. This method has
the advantage over many of the other methods that
it eliminates the sedative influence of many drugs
which can conceal a possible behaviour effect.

Stress-induced behaviour in rats

During a study on the avoidance reaction in rats,
it was observed that during the experimental
situation the animals develop a consistent and
characteristic behaviour pattern. The rats assume
tense attitudes, with their backs curved, their tails
raised, their forelegs stiff, and their whiskers and
fur bristling. They remain immobile in these atti-
tudes for several seconds at a time. This is in sharp
contrast to the relaxed, incessantly moving beha-
viour pattern of normal rats, not exposed to the
experimental situation.
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The characteristic behaviour pattern can be
normalized with some of the psychotropic drugs.
Jacobsen & Sonne (1955), Holten & Sonne (1955)
and, more recently, Jacobsen & Sonne (unpublished)
have arrived at the following results. Chlorpromazine
is without effect in doses up to the level at which
sedation is so pronounced that no specific effect can

be detected. In large doses (5-10 mg/kg s.c.) reser-

pine exhibits an effect in the first 15 minutes after
administration, but the marked sedative effect that
soon sets in completely inhibits any possible specific
effect on the behaviour. Benactyzine (1-5 mg/kg s.c.)
is able to normalize the behaviour of the rats,
without producing any other apparent symptoms.
Scopolamine is 10 times as active as benactyzine,
whereas atropine has only 1/10-1/20 of the activity
of benactyzine. No normalizing effect can be seen

after hypnotics, including barbiturates, even when
the dose is increased until sedation is so marked
that the observation of an effect would be impossible.
Meprobamate has no effect in a dose of 300 mg/kg
s.c., but 600 mg/kg, a dose that results in some

ataxia, produces observable normalization of beha-
viour.

Effect on group toxicity

A number of sympathomimetic compounds have
been found to be much more toxic to mice kept in
a group than to mice kept in single cages: the lethal
dose of amphetamine is increased nearly 10 times
and that of methamphetamine, ephedrine and
epinephrine about 2-4 times (Chance, 1946). Ap-
parently, the behaviour of mice treated with am-

phetamine is altered by keeping them together. The
presence of the other animals causes each animal
to adopt a " defensive-encounter" attitude, a state
of immobility with the animals facing each other,
alternating with an " escape reaction " in which the
animals run or jump away. This results in intense
activity of the mice, apparently leading to death.
It is uncertain whether or not this state is connected
with the spontaneous death seen in nature among

rodents kept in an overpopulated area.

Premedication with some of the sedative psycho-
tropic compounds is able to decrease the toxicity
of amphetamine to mice kept in groups much more

than the toxicity to mice kept separately, although,
for a given dose of amphetamine, it is not possible
to reduce the mortality of the mice in the groups

quite to the mortality of the isolated mice. Lasagna
& McCann (1957) found that pentobarbital in doses
of 10-60 mg/kg gave no specific protection, but some

protection was obtained with 150 mg/kg of pheno-
barbital a dose which gave some ataxia. Chlorpro-
mazine has a pronounced activity; Lasagna &
McCann found 5 mg/kg effective, but Burn & Hobbs
(1958) noted a protective action with only 0.3
mg/kg. Reserpine acts similarly to chlorpromazine.
A dose of 0.1 mg/kg is needed for a protective
effect when given 1 hour before the amphetamine,
but as little as 0.01 mg/kg is effective when given
4 hours in advance. Meprobamate, methylpentynol
and benactyzine, in doses up to 64 mg/kg, have been
found to be ineffective in reducing the toxicity of
amphetamine to mice kept in groups.

Discussion

The types of " emotional " stress examined above
differ in origin. The conditioned avoidance reaction
provoked by the sound of a bell or by a ticker which
the animal has been trained to associate with a
subsequent electric shock cannot be compared with
the stress situation provoked by hyperactivity and
overcrowding. Nor are the reactions studied neces-
sarily an expression of the same mental mechanism;
the pause in the performance of monkeys anticip-
ating an electric shock is most probably due to a
different mechanism from that which causes the
autonomic reactions of animals exposed to a deep
conflict situation. For this reason, the pharmaco-
logical influence of drugs varies with the type of
" emotional " reaction. It is impossible to predict
the reaction in one species by analogy with another
type of reaction in a different species. The use of
the term " anxiety states " for all types of psychic
stress provoked in animal experiments must be
regarded with some scepticism; and it would be
most unfortunate if the word " anxiety " should
suggest an analogy with anxiety states found in
human patients.
An attempt has been made to distinguish between

the effect of various drugs on different types of
psychic stress (Jacobsen, 1957). It was found that
benactyzine and meprobamate had a normalizing
effect on the behaviour changes provoked by conflicts
and by stimuli which could be actively avoided by
the animals. No real effect on behaviour could be
seen when the stimuli could not be avoided by the
animals. Alcohol partly normalized the behaviour
changes provoked by conflicts, but not those caused
by avoidable stimuli. Chlorpromazine and reserpine
caused a generalized stupor which, with the tech-
nique used, prevented observation of a possible
specific effect. With two barbiturates, secobarbital
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and pentobarbital, Verhave et al. (1957) have Summary
found that the effect on avoidance behaviour was
very nearly as great as that on escape behaviour. Some characteristic behaviour changes which are
These comparative studies ought to be extended, seen in experimental animals under psychic stress

perhaps using a variety of techniques. However, can be normalized by drugs.
they seem to indicate that the influence on different The effects of these drugs vary greatly with the
types of psychic stress varies with the type of com- experimental animals, and even with experimental
pound. conditions. The results are summarized in Table 7.

TABLE 7
NORMALIZING EFFECT OF VARIOUS COMPOUNDS ON BEHAVIOURAL CHANGES DUE TO PSYCHIC STRESS

Conditioned Approach- Tense pstures Eection
Compound "semotional" behaviour-inducats withdrawal Tespotrs Efctn

disturbances bhvoricas reaction in rats in rats aggregation

Reserpine
(monkeys) (0.01-0.1 mg/kg)

0 +
Chlorpromazine .

(rats) (0.3-5 mg/kg)

0 +
Hydroxyzine 0

(rats) (2-3 mg/kg)

Amobarbital + 0 (0)
(10 mg/kg)

Alcohol 0
(0.75 g/kg)

Meprobamate . ++ 0
(rats) (50-100 mg/kg) (600 mg/kg)

Benactyzine . + 0
(rats) (0.2-0.3 mg/kg) (5-10 mg/kg)

+, ++ = normalizing effect 0 = no normalizing effect * = heavy sedation masking possible effect

SUBJECTIVE EFFECTS IN HUMAN EXPERIMENTS

The subj -ctive effects of the various psychotropic
compounds have been so well described that a

comprehensive account is unnecessary. The doses
used are generally the oral doses after which a

clear-cut, but not too strong, effect will be felt by
most subjects. Only the effects on normal, men-

tally well-balanced subjects are considered here
(Table 8).
The doses necessary to produce subjective effects

in man are much lower than those which provoke
symptoms in animals sufficiently pronounced that
they are observable in the experimental situation.
The greatest discrepancy between effective doses
in humans and in animals is found in the case
of LSD, and the smallest in the case of chlorpro-
mazine.

The nature of many of the subjective symptoms
is extremely difficult to describe. Sometimes exactly
the same words are used for the effects of widely
different compounds. For example " an indifference
to outer disturbing or annoying influences" is
reported after the administration of chlorpromazine,
reserpine, meprobamate, hydroxyzine, benactyzine,
and even after mescaline and LSD. It is impossible
that these words can cover exactly the same psychic
effects. Admittedly, the psychic effects of mescaline
and LSD are so intense that they might easily
preoccupy the subject sufficiently to leave him
indifferent to his surroundings; but no disturbing
psychic experiences are felt with the other com-
pounds. Only by a thorough psychological analysis
might it be possible to disclose a difference between
effects which are described in the same words.
This applies also to the effects of LSD and mescaline:
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TABLE 8

SUBJECTIVE EFFECTS OF PSYCHOTROPIC COMPOUNDS
ON NORMAL PERSONS

Compound Dose Symptoms(mg/kg) Syptm

Chlorpromazine 0.75-1.50 Drowsiness, apathy, psychic
indifference to outer disturb-
ing stimuli.

Reserpine . . 0.01-0.02 As after chlorpromazine, but
effect somewhat delayed;
prolonged medication may
cause severe mental depres-
sion.

Meprobamate 10-15 A feeling of muscular and
mental relaxation; the subject
is less concerned about ex-
ternal mentally disturbing
stimuli; perhaps euphoria

Azacyclonol. 0.3-0.7 No subjective effect reported.

Benactyzine . . 0.1 Dizziness, "thought block-
ing "; the subject is less con-
cerned about external dis-
turbing stimuli.

Amphetamine. 0.2 Increased mental energy, de-
creased fatigue, slight eu-
phoria.

Pipradrol . 0.05-0.1 As after amphetamine, but
less euphoria claimed.

Mescaline. 7-10 Initially, autonomic reactions,
e.g., nausea. After 1-2 hours,
psychic reactions: distortion
of sensory perceptions, co-
lour visions, hallucinations,
etc.

LSD ...... 0.001-0.002 Initially, autonomic reactions,
such as nausea, salivation,
and polyuria; secondly, psy-
chic reactions similar to those
after mescaline, but stated to
be more intense.

the experiences after intake of these two drugs are

very similar, but they may not be identical. It has
been stated, for example, that a full insight into the
abnormality of the symptoms is seen in subjects
given mescaline, but not in those given LSD.

Summary
The doses of psychotropic drugs necessary to

provoke subjective symptoms in human subjects are

much smaller than those which give measurable
symptoms in animals.
The subjective symptoms are difficult to describe

adequately, and apart from the obvious psychic
effects of mescaline and LSD, they contribute little
to knowledge of the pharmacology of the compounds.

EFFECT ON SOME MONO-AMINES IN THE BRAIN

Epinephrine, norepinephrine, and 5-hydroxytryp-
tamine (serotonin) are not uniformly distributed in

the brain, some parts containing at least 20 times
as much as others. In the brains of dogs and cats,
epinephrine and norepinephrine are found together,
there being about 10 times as much norepinephrine
as epinephrine. The highest concentrations of
epinephrine and norepinephrine are in the region
which contains the diencephalic, mesencephalic and
bulbar representations of sympathetic activities.
Practically nothing is found in the cerebellum and
in the white matter. The concentration of norepi-
nephrine in the hypothalamus is 1-1 1/2 ,ug/g of fresh
tissue (Vogt, 1954).
The distribution of 5-hydroxytryptamine in the

brain is similar to that of norepinephrine (Gaddum,
1956), both qualitatively and quantitatively. A
number of other organs and tissues, especially the
mucosa of the gastro-intestinal tract, also contain
5-hydroxytryptamine. In the organs, 5-hydroxy-
tryptamine is oxidized to 5-hydroxyindolylacetic
acid, which is excreted in the urine.
The nature of the function of these amines in the

CNS is still unsettled. It has been proposed that
either norepinephrine alone or both norepinephrine
and 5-hydroxytryptamine act as chemical transmit-
ters for the synapses in certain parts of the brain,
but no definite evidence in favour of this concept
has yet been advanced. Other compounds besides
the catechol amines and 5-hydroxytryptamine are
also believed to have a function as transmitters, e.g.,
acetylcholine and y-aminobutyric acid. It is
suggested that the latter compound is especially
concerned in the synapses of centres having an
inhibiting function. High concentrations of a
precursor of y-aminobutyric acid are found in the
brain, and aminobutyric acid itself inhibits certain
functions (Bazemore et al., 1956).
Some of the psychotropic drugs affect the content

of the catechol amines and 5-hydroxytryptamine in
the brain.

In cats, large doses of morphine (50-60 mg/kg),
sufficient to cause central sympathetic excitation,
reduce the epinephrine-norepinephrine content of
the brain to about half the normal value. A smaller
depletion (to 75% of the normal) occurs after
administration of an a-tetrahydronaphthylamine
derivative which has a similar action to that of the
amphetamines (Vogt, 1954).

Reserpine has the most pronounced effect on the
amines mentioned. This effect is presumably
fundamentally related to the other observed effects
of reserpine and similarly acting compounds.
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Brodie et al. (1955a) demonstrated that admini-
stration of reserpine results in an almost complete
depletion of 5-hydroxytryptamine in the brain.
After 5 mg/kg the content of 5-hydroxytryptamine
decreases rapidly for 1/2-1 hour and then remains
extremely low for 36 hours, after which it slowly
approaches normal values over the course of the
following days (Pletscher et al., 1956a, 1956b).
The tissues outside the brain, e.g., the intestine, also
release 5-hydroxytryptamine (Pletscher et al., 1955).
In man, it can be shown that 95 % of the 5-hydroxy-
tryptamine content disappears from the blood
platelets during treatment with reserpine. The
released amine is oxidized and excreted in the urine
as 5-hydroxyindolylacetic acid (Shore et al., 1955).
Not only 5-hydroxytryptamine, but also norepi-

nephrine and epinephrine disappear from the brain
after administration of reserpine. The disappearance
and reappearance of norepinephrine follow closely
the behaviour of 5-hydroxytryptamine (Holzbauer
& Vogt, 1956). In their earlier experiments,
Holzbauer & Vogt (1954) found that norepinephrine
and epinephrine were not released from organs other
than the brain when these organs were denervated.
If the adrenals were in nervous connextion with the
brain, central stimulation caused a disappearance of
norepinephrine and epinephrine from the adrenal
medulla. In contrast to this finding, later experi-
ments have shown that the catechol amines are also
depleted from other organs after reserpine, including
the adrenal medulla (Carlsson & Hillarp, 1956),
and the heart (Bertler et al., 1957). Iproniazid pre-
vents the effect on the brain and the adrenals but
not the depletion of aminocatechols in the heart.
The effect on the heart is seen after as little as
0.005 mg/kg of reserpine (Bertler et al., 1957).
Arteries from rabbits pretreated with reserpine do
not respond to tyramine or nicotine with constric-
tion, presumably because this constriction depends
on the liberation of norepinephrine in the arterial
wall and none of this compound is present after
reserpine (Burn & Rand, 1958a, 1958b).
Another amine found in the brain tissue is 3-

hydroxytyramine. Injection of the precursor 3,4-
dihydroxyphenylalanine (150 mg/kg i.v.) causes a
very marked increase in the 3-hydroxytyramine
content of the brain (to about 2 ,ug/g in less than
1 hour). This is accompanied by central excitation.
Like norepinephrine, 3-hydroxytyramine disappears
almost completely from the brain after intravenous
injection of reserpine (5 mg/kg). Both phenomena
are markedly enhanced by pretreatment with

iproniazid, and simultaneous changes in the nor-
epinephrine content of the brain are much less
pronounced, if present at all (Carlsson et al.,
1958).
The symptoms produced by administration of

reserpine show a close correlation with the dis-
appearance and reappearance of the amines in the
brain. The symptoms are not seen until the amine
level is fairly low, and the animals are not free from
symptoms until the amine content in the brain
approaches normal again. Reserpine disappears
from the brain in 1-2 hours after administration and
is virtually absent from the body within 12 hours
(Hess et al., 1956). The symptoms are maintained
for a long time after the reserpine has been elimi-
nated. From these facts it must be concluded that
the effect of reserpine is not a direct one, but is
connected in some way with the disappearance of
the amines from the brain tissue.

Further experiments have confirmed this concept
in a striking manner. Iproniazid exerts a potent and
irreversible inhibiting action on monoaminoxidase,
the enzyme which inter alia deaminates norepi-
nephrine and 5-hydroxytryptamine. When animals
pretreated with iproniazid are given reserpine, they
are not sedated but pass into a hyperactive state
somewhat similar to that seen after LSD admini-
stration (Brodie et al., 1956; Chessin et al., 1957).
Furthermore, the content of 5-hydroxytryptamine
in the brain shows very little decline when the animals
pre-treated with iproniazid are given reserpine
(Pletscher, 1957a). Iproniazid given alone in a dose
of 25 mg/kg s.c. results in an increase of 5-hydroxy-
tryptamine in the brain followed by an increase
of norepinephrine. The same effect is also seen with
other inhibitors of monoamino oxidases (Spector
et al., 1958). The peripheral response to reserpine
can also be altered by pretreatment with iproniazid.
Franco-Browder et al. (1958) found a pressor
response after iproniazid which could be antag-
onized by chlorpromazine, presumably because
the latter acts as an antiadrenergic compound. As
already mentioned, Olds & Olds (1958) have found
that, in rats, local intracerebral injections of minute
amounts of iproniazid were capable of eliciting
reward responses at the same sites as electrical
stimulation. 5-Hydroxytryptamine causes somno-
lence, while epinephrine provokes a slight increase
in the number of self-injections. This indicates that
the rewarding effect of iproniazid injected locally
into the brain is not directly caused by an increased
local concentration of 5-hydroxytryptamine.
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The role played by 5-hydroxytryptamine and
norepinephrine in the production of symptoms after
administration of reserpine is not quite clear. The
idea that the action of reserpine was due to a libera-
tion of 5-hydroxytryptamine was strongly advocated
when the first papers on the subject were published.
The accumulation of new data, however, has made
it clear that the problem is much more complicated.
Administration of the precursor of the catechol-
amines, 3,4-dihydroxyphenylalanine, in a dose of
500-1000 mg/kg is able to abolish the effect of re-
serpine in mice for a short time. The precursor of
5-hydroxytryptamine, 5-hydroxytryptophane, has no
such effect, but it potentiates the antagonizing effect
of hydroxyphenylalanine. Iproniazid given before
dihydroxyphenylalanine increases the effect of the
latter (Carlsson et al., 1957a, 1957b).
The same effect on the amines is found after

rescinnamine and dereserpine, two other Rauwolfia
alkaloids giving the same symptoms as reserpine.
Some benzoquinolizine derivatives which have an
action similar to that of reserpine also release
5-hydroxytryptamine. The most potent of these is
tetrabenazine (Pletscher, 1957a). The sedative effect
of this compound is also converted to excitation if
the animals are pretreated with iproniazid. Tetra-
benazine is 4-10 times less effective than reserpine
and it does not cause such a complete depletion of
5-hydroxytryptamine. Its effect is also much shorter
than that of reserpine. The symptoms are no longer
apparent 4-8 hours after the injection and the
content of 5-hydroxytryptamine in the brain returns
to normal values within 10-24 hours; on the other
hand, the sedative action of reserpine, as already
mentioned, lasts 1-3 days.

Neither chlorpromazine nor any of the other
sedative psychotropic drugs causes deprivation of
5-hydroxytryptamine and norepinephrine, nor is
their effect reversed by iproniazid. Therefore, there
is every reason to classify reserpine, rescinnamine,
dereserpine, and tetrabenazine in a special group
among the psychotropic compounds.

Other actions on brain metabolism

Chlorpromazine at a concentration of 10-3 M
(equivalent to about 350 mg/kg) causes a 90%
reduction in the respiration of isolated brain slices,
apparently owing to inhibition of the cytochrome
oxidase. It also inhibits the ATP-ase system and
uncouples oxidative phosphorylation, causing a
decrease in creatine phosphate and adenosine tri-
phosphate levels and a decrease in the turnover of

phospholipid phosphorus in the brain. Most of
these actions are relatively unspecific, and at a lower
concentration, of the order of 10-4 M (equivalent to
about 35 mg/kg), they are no longer very marked.
Chlorpromazine (20 mg/kg i.m.) in vivo gives a
depression of 40 %-50% in the rate of incorporation
of 32p in the phosphatidyl choline, phosphatidyl
ethanolamine, phospho-inositide, and total phospho-
lipids of the brain. The effect is still apparent at
dosages down to 5 rng/kg (Ansell & Dohmen, 1956).
However, it is doubtful whether or not there is a
connexion between these metabolic effects of chlor-
promazine and its pharmacodynamic effect.

Summary

Administration of reserpine causes a decrease in
the content of 5-hydroxytryptamine and norepi-
nephrine in the brain.
The symptoms provoked by administration of

reserpine do not show a correlation with the con-
centration of reserpine in the brain, but rather with
the depletion of 5-hydroxytryptamine and norepi-
nephrine.

Treatment with iproniazid-a monoamine oxidase
inhibitor-prevents the depletion of amines in the
brain and reverses the effect of reserpine, converting
it from sedation to excitation.

INTERACTION OF THE PSYCHOTROPIC COMPOUNDS

When given together, two drugs may act synergist-
ically or antagonistically. When two compounds
act synergistically and the combined effect is
greater than would be expected from the separate
effects of the two components in the dose given, it
is said that one or both of the components has a
potentiating effect.
The antagonism between two psychotropic com-

pounds is rarely absolute. This means that it cannot
be expected that one compound will be able to
counteract all the symptoms of another compound.
Nalorphine, for example, is able to antagonize the
depressing effect of morphine on the respiratory
centre, but has only a slight effect on the depression
of pain by morphine. Azacyclonol is able to antag-
onize the effect of LSD on the EEG, but not its
autonomic effects. Moreover, the synergistic effect
of two drugs may vary from symptom to symptom.
Chlorpromazine and reserpine potentiate each
other's effects on the extrapyramidal system, while
their sedative effects are merely additive.
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Potentiating effects on hypnotics
As mentioned, most of the psychotropic com-

pounds that have a sedative effect do not produce
anaesthesia, even in sub-lethal doses. Nevertheless,
they potentiate the anaesthetic effect of true anaes-
thetics. The potentiating effect is especially pro-
nounced when anaesthesia is induced with barbi-
turates, but it is also seen with other compounds,
e.g., alcohol.

In most tests, the potentiating effect on hexo-
barbital anaesthesia has been examined and the
prolongation of the anaesthetic action of this short-
acting barbiturate used as an indication of the effect.
The observed potentiating effect may be a " false "

one when the prolongation of the anaesthesia is
caused by an inhibition of the enzymes which
break down the barbiturate and not by an action of
the potentiating compounds on the cells of the
CNS. The best example of a " false " potentiation
is provided by the compound SKF 525 A, a di-
phenylacetic acid derivative (Cook et al., 1954),
which acts as a specific enzyme inhibitor. There
are several ways of distinguishing between a " false "
and a " real " potentiation. The most important
is to show that the elimination of the barbiturate
is not inhibited by the drug. This has been done,
for example, in the case of chlorpromazine and
reserpine (Brodie et al., 1955b). Moreover, "false"
potentiators do not potentiate alcohol-induced
anaesthesia in mice, can only prolong barbiturate-
induced anaesthesia but not deepen it, and do not
provoke anaesthesia when the barbiturate is given in
subanaesthetic doses.

C. A. Winter in 1948 was the first to demonstrate
clearly this potentiating effect. His demonstration
that diphenhydramine was able to prolong hexo-
barbital anaesthesia in mice, in spite of the fact that
it caused convulsions when given in high doses,
opened a new era in psychopharmacology.

Table 9 summarizes the relative potentiating
effects of some of the psychotropic compounds
determined on a weight basis. If they were ex-
pressed in terms of the toxic or clinical doses, the
relative potencies would be somewhat altered, and
meprobamate, for example, would be placed much
higher up on the list. The compounds not only
potentiate the anaesthetic effect of the hypnotics.
Graham et al. (1957) have examined the effect on
alcohol intoxication, using ataxia as the criterion
of the effect. They found, for instance, that mepro-
bamate and promazine have a potentiating effect.
No potentiating effect was found with hydroxyzine.

TABLE 9
RELATIVE POTENTIATING EFFECTS OF SOME SEDATIVE
PSYCHOTROPIC COMPOUNDS ON BARBITURATES

Compound

Reserpine .

Benactyzine .

Chlorpromazine .

SKF 525 A ....

Diphenhydramine

Hydroxyzine .

Mephenamine.

Meprobamate .

Mephenesin .

Azacyclonol .

Promethazine

IRelative potency a

10

5-6

5-6

3-4

1-2

(1-2) c

(1) d

(Y2)
(+) e

(+ ?) f

O g

Remarks

Partly " false " b

" False " potentia-
tion

a The relative potencies not in parentheses are taken from
Holten & Larsen (1956).

b Personal communication from B. B. Brodie
c Estimated from Levis et al. (1957)
d Estimated from Bijlsma et al. (1956)
e Estimated from Berger (1954)
f Estimated from Brown et al. (1956); others have not found

any effect
g Kopera & Armitage (1954)

Benactyzine potentiates the effect of mepro-
bamate on the rightening reflex, and prolongs the
duration of the paralysis induced by this drug.
Meprobamate, in turn, antagonizes the convulsive
action of benactyzine and prevents deaths (Pattison
et al., 1958).

Effects antagonistic to hypnotics
Most of the psychotropic compounds that have

a predominantly stimulating effect antagonize the
action of anaesthetics. Among the better-known
compounds having these effects are amphetamines,
pentetrazol, picrotoxin, camphor, etc. Pipradrol,
which is chemically related to the amphetamine
group, also antagonizes pentobarbital and shortens
the duration of anaesthesia considerably (Brown &
Werner, 1954).

Mescaline acts as a powerful analeptic to the barbi-
turates, but the barbiturates decrease the lethal dose
of mescaline (Speck, 1957).

In some cases, the barbiturates are able to antag-
onize the effects of other drugs. Chlorpromazine
and mepazine are able to release corticotrophin
from the hypophysis in rats, as indicated by the
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adrenal ascorbic acid content and the compensating
hypertrophy of one adrenal gland after removal
of the other. Pentobarbital antagonizes this effect
(Olling & Wied, 1958).

Influence of psychotropic drugs on the effects of
convulsants
The effect of giving psychotropic compounds at

the same time as convulsants has already been
mentioned in the chapter on the polysynaptic
reflexes. In Table 10 the effects of some of these
combinations are summarized. It is seen that
reserpine and chlorpromazine have no antagonistic
effect on the convulsions provoked by strychnine,
pentetrazol and caffeine. Reserpine seems even to
potentiate the effects of the two latter compounds.
Tranquillizers of the phenothiazine series, e.g.,
promazine and prochlorperazine, all protect mice
against cocaine convulsions. Promazine and per-
phenazine also block nicotine convulsions. Aza-
cyclonol gives complete protection and hydroxyzine
partial protection against convulsive doses of co-
caine. Benactyzine strongly antagonizes nicotine

TABLE 10
EFFECTS OF SOME PSYCHOTROPIC COMPOUNDS GIVEN
IN COMBINATION WITH VARIOUS CONVULSANTS

4)

C ,U c c ,:a)

Reserpine..... Oa +a ob +a _b

Chlorpromazine . ob c,,d 0 b, e od .f -d, j

Perphenazine . . . _k

Promethazine . od od -f od

Mephenesin .. g_g, h _g, h of

Meprobamate . . .
h J

Phenaglycodol . . _k _k

Diphenhydramine -f

Hydroxyzine* . .k ...J_
Azacyclonol. . _k

a Chen & Enser (1954)
b Tripod et al. (1954)

c Courvoisier et al. (1953)
d Meidinger (1956)
e Schallek et al. (1956)
f Bovet & Longo (1951)

Berger & Bradley (1946)
h Berger (1954)
i Levis et al. (1957)
J Bogdanski & Spector (1957)
kc Braun & Lusky (1958)

0 indicates no effect; - indicates antagonism; + indicates
synergism; ± Indicates uncertain effect.
* Hydroxyzine prolongs the survival time after pentetrazol,
but does not affect the mortality.

convulsions. Meprobamate prevents convulsions
in mice given pentetrazol. Reserpine, phena-
glycodol, phenyltoloxamine, and ethchlorovynol
offer no protection in mice against strychnine, co-
caine, pentetrazol, nicotine, and picrotoxin (Braun &
Lusky, 1958).
The convulsions provoked by nicotine have been

discussed under the heading Effects on other elec-
trical activities of the brain (pp. 428 and 429).
Influence of psychotropic drugs on the effects of

anticonvulsants
Reserpine and chlorpromazine interact with the

effects of some anticonvulsants. The protecting
effect of diphenylhydantoin against electrically
induced convulsions is potentiated by chlorproma-
zine (Bertrand et al., 1955) while it is antagonized
by reserpine (Chen & Enser, 1954). Reserpine
antagonizes the anticonvulsant effect of diphenyl-
hydantoin most strongly and that of mephenesin
and phenobarbital least (Chen & Enser, 1954). The
effect of reserpine also varies with the type of con-
vulsion, e.g., it counteracts the antagonizing effect
of mephenesin on picrotoxin convulsions, but acts
synergistically with mephenesin on strychnine
convulsions. Further details will be found in the
original paper by Chen & Bohner (1956).
Dextro-amphetamine has no influence on the

anticonvulsant effect of phenobarbital (Alexander
et al., 1954).
Influence ofpsychotropic drugs on the effect of

morphine
Morphine has different effects which may be

influenced separately by psychotropic compounds.
The analgesic effect measured in mice was found

by Schneider (1954) to be prolonged by chlorpro-
mazine (10 mg/kg). Courvoisier et al. (1953) also
report a potentiation of the analgesic effect of mor-
phine when given in combination with chlorpro-
mazine. On the other hand, Kopera & Armitage
(1954) were unable to demonstrate such an effect
using 1.5 mg/kg of morphine sulfate and 10 mg/kg
of chlorpromazine. However, chlorpromazine does
appear to exert a potentiating effect on morphine
analgesia when used clinically (Sadove et al., 1954).
Reserpine clearly antagonizes the analgesic effect
of morphine measured on mice (Schneider, 1954).
The same is also true of the analgesia induced by
pethidine and codeine (Sigg et al., 1958).
The emetic effect of morphine is closely related

to that of apomorphine, which is discussed in the
section Effects on the lower centres (p. 414).
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The general synmpathetic stimulation provoked
by morphine is especially pronounced in cats,
which develop a typical mania, and in mice, which
react with excitation and with the well-known tail-
raising reaction, first described by Hermann &
Straub.

In cats, morphine mania (after 10-20 mg/kg)
was found by Loewe (1956) to be enhanced by pre-

medication with 25-100 ,tg/kg of reserpine. Sturte-
vant & Drill (1957) were able to confirm this, but
when they administered 100-500 ,ug/kg of reserpine
several hours after the morphine they observed an

antagonistic effect. Chlorpromazine is able to antag-
onize the morphine mania in doses of 1.5-2.5
mg/kg (Loewe, 1956; Sturtevant & Drill, 1957).
Brown et al. (1956) have reported that azacyclonol
is also able to antagonize morphine mania in cats,
but this could not be confirmed by Sturtevant &
Drill (1957) using doses of 10-20 mg/kg.

Mice given intraperitoneal injections of 100 mg/
kg of morphine become hyperactive and excited.
This excitement can be abolished by promazine
(6.4 mg/kg), promethazine (1.4 mg/kg), chlorpro-
mazine (1.4 mg/kg), meprobamate (130 mg/kg),
mephenesin (311 mg/kg), benactyzine (36 mg/kg),
pentobarbital (46 mg/kg), phenobarbital (69 mg/
kg), and ethanol (42 mg/kg). All doses are 50%
inhibiting doses. Small doses of chlorpromazine,
promethazine and meprobamate act synergistically
with morphine and enhance the excitement (Konz-
manoff et al., 1958).
The effect on the Hermann-Straub tail-raising

reaction has been studied by Holten (1957). He
found that it was antagonized by benactyzine
(1 mg/kg), diphenhydramine (25 mg/kg) and scopol-
amine (10 mg/kg). No effect was found after me-

phenesin (25 mg/kg), chlorpromazine (10 mg/kg)
and reserpine (5 mg/kg). The last observation is in
contrast to that made by Tripod et al. (1954), who
found an antagonistic effect. Chen & Bohner (1958)
found that phenobarbital, chloral hydrate, and
meprobamate suppressed the Hermann-Straub effect.
It is interesting that Holten found the two morphine
antagonists amiphenazole and nalorphine to have
little or no effect.

Influence of other psychotropic drugs on the effects
of LSD, mescaline, amphetamine, etc.

Fabing (1956b) has published an account of experi-
ments in which normal human subjects reported
a diminution in the subjective symptoms of LSD
after taking azacyclonol. This has subsequently

been confirmed by Brown etal. (1955, 1956). Fabing's
observation was followed by a large number of
studies in which the influence of the predominantly
sedative psychotropic drugs on the effects of LSD
and mescaline was examined. It is generally agreed
that at least chlorpromazine in suitable doses is
able to influence the subjective effects of LSD and
mescaline, but not all authors have confirmed the
effect of azacyclonol. Even those who found that
azacyclonol antagonized the psychic phenomena
provoked by LSD state that it had no influence on
the autonomic effects (Fabing, 1955b; Rinaldi &
Himwich, 1955a). In experiments on human subjects,
Gaddum & Vogt (1956) were unable to detect any
antagonistic effect of methylamphetamine on the
subjective symptoms of LSD, but the subject was
much better able to concentrate on simple mental
tests, such as reading and repeating 8-digit numbers.

In animal experiments, the following interactions
were found between LSD and the other psychotropic
compounds:

Antagonism. Reduction in the speed of rope
climbing in rats is antagonized by meprobamate
and benactyzine (Boren, 1957). The constant arousal
syndrome found in the EEG of rabbits after LSD is
abolished by azacyclonol (Rinaldi & Himwich, 1955).

Modification. In cats, the aggressive state, resemb-
ling sham-rage, is converted into a catatonic state
by chlorpromazine, but no consistent effect has been
found after meprobamate, azacyclonol and pro-
mazine (Elder et al., 1957).

Synergism. A pronounced synergism between
LSD and reserpine has been found under some
circumstances in experiments on rabbits. When
LSD was given within 2 hours after reserpine the
increase in body temperature was still more pro-
nounced. When the interval between the administra-
tion of reserpine and LSD was increased to 6 hours
or more, either the " normal " temperature rise pro-
voked by LSD or no increase was observed (Gogerty
et al., 1957)

In the case of mescaline, the interactions found
were as follows:

Antagonism. In non-epileptic patients with
various psychiatric diseases, mostly schizophrenia,
Denber & Merlis (1956) found that chlorpromazine
(1 mg/kg i.v.) was able to antagonize the effects of
mescaline (7 mg/kg i.v.). This could be shown
objectively by the effect on the EEG and on the
diameter of the pupils. Moreover, it was noted that
anxiety and tension diminished within several
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minutes and some patients became drowsy and
somnolent. On hour after the injection of chlor-
promazine, all signs and symptoms of the mescaline-
induced state had disappeared (Denber, 1957).
Prochlorperazine was much less effective in blocking
the mescaline-induced state. Promazine (100 mg,
i.v.) showed no blocking (Denber, 1957).
The catatonia induced in cats by mescaline is

antagonized by reserpine and chlorpromazine in
small doses given intraventricularly (Sturtevant
& Drill, 1956).

Azacyclonol (12-24 mg/kg s.c.) antagonizes the
constant arousal syndrome produced by mescaline
(Rinaldi & Himwich, 1955d). In mice, mescaline
(25-100 mg/kg orally) produces an increased number
of scratching episodes. This increase is antagonized
by chlorpromazine, serotonin, propazine, prochlor-
perazine, reserpine, hydroxyzine, azacyclonol and
mephenesin. Pentobarbital, phenobarbital, amo-
barbital and meprobamate have no such effect
(Deegan & Cook, 1958). Maffii & Soncin (1958)
found chlorpromazine to be the most effective
drug, atropine was without influence, and morphine
enhanced the characteristic mescaline effect on mice.

Modification. Intraventricularly, azacyclonol
altered the catatonic state in cats to excitation
(Sturtevant & Drill, 1956).

Synergism. Large doses of chlorpromazine
intraventricularly enhance the catatonia in cats
(Sturtevant & Drill, 1956).
With amphetamine, pipradrol and methylphenid-

ate, only a few experiments have been made. The
hyperactivity induced by pipradrol or amphetamine
is antagonized by chlorpromazine (Cook et al., 1955;
Meidinger, 1956), and also by azacyclonol (Brown
et al., 1956). However, the EEG arousal syndrome
provoked by both amphetamine and pipradrol cannot
be antagonized by azacyclonol (Rinaldi & Himwich,
1955a). Hydroxyzine is without effect on the hyper-
activity after amphetamine, and so is reserpine. The
depressing effect of reserpine in monkeys is antag-
onized by methylphenidate (Cole & Glees, 1958).
This is especially true with regard to miosis, relaxa-
tion of the nictitating membrane, ptosis and hypo-
thermia. The increase in muscular tone is also
antagonized. Methylphenidate cannot antagonize
the hypotensive effect of reserpine. Kobinger (1958)
found that the hyperactivity in mice induced by
methamphetamine was antagonized by 5-hydroxy-
tryptamine, but not by reserpine. Both reserpine
and 5-hydroxytryptamine antagonized cocaine hyper-

activity. The antagonizing effect of some compounds
on the mortality of groups of mice given amphet-
amine has already been mentioned.

Administration of bulbocapnine results in a cata-
leptic state in the experimental animals. This state
is influenced by a number of psychotropic drugs.
The catalepsy induced by 5 mg/kg of bulbocapnine
is antagonized by the amphetamines and methyl-
phenidate (1-10 mg/kg), slightly to moderately
potentiated by cholinergic drugs, and strongly
potentiated by chlorpromazine (2-5 mg/kg) and reser-
pine (1-5 mg/kg) (Alema & Sergio, 1957; Konzma-
noff & Tislow, 1958). Some similarity seems to exist
between the cataleptic state induced by bulbo-
capnine and that which follows the administration
of chlorpromazine or reserpine. The same com-
pounds seem capable of either antagonizing or
potentiating the catalepsy (Alema & Sergio, 1957).

More complex interactions

The reversal of the sedative and sympatholytic
effects of reserpine by iproniazid and their conversion
into hyperactivity and increased sympathetic tone
have already been mentioned. The subsequent
state is described as resembling that produced by
LSD or amphetamine. Pretreatment with diphen-
hydramine, which is also an inhibitor of mono-
amine oxidase, has the same effect on reserpine.
The hyperactivity following administration of ipro-
niazid and reserpine is abolished by chlorpromazine
and promazine, but not by barbiturates (Chessin
et al., 1957).

Finally, it may be mentioned that the potentiation
of hexobarbital by reserpine is abolished by LSD,
which does not act as an antagonist to barbiturates
per se (Shore et al., 1955).

Discussion

The study of antagonistic and synergistic actions
offers technical difficulties. This is especially true
of the subjective psychic phenomena in man. One
does not feel that it is safe to draw conclusions
from the mere statements of experimental subjects,
such as that they " see green and yellow " or " it
was a fight both times, but the second time, I won ".
The subject who gave the latter description had
received LSD twice, but the second time in combina-
tion with an LSD-antagonist. In such experiments,
every possible precaution, including double blind
trials, etc., must be taken.

In experiments on animals, more objective tests
can be applied in order to study a possible synergism
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or antagonism. Yet even here it may be difficult
enough to assess the effect. Furthermore, it is
necessary to use much larger doses in animals than
those used in human experiments in order to get
a measurable effect. This is especially the case with
mescaline and LSD. With such large doses, the
effect may be qualitatively altered and certain fun-
damental mechanisms be completely hidden from
observation.
When two compounds are given together and the

combined effect is stronger than could be predicted
from the effect of each separate compound, the
pharmacologists speak of a synergistic potentiation
of the effect. In such cases, it is generally accepted
that the two compounds have a different site of
action in a given system. A simple synergistic
addition of the effects of two compounds might be an
indication that the two compounds have the
same site of action in the organism. An antagonism
between the effects might also suggest that the
two compounds have the same site of action and
that, for example, a depressing action of one
component in suitable doses counteracts a stimula-
ting effect of the other.

If the conditions were as simple as that, the study
of the synergistic, potentiating, and antagonistic
effects of the psychotropic compounds would
give many important clues to the understanding of
the site of action of the drugs. But the conditions
are not simple. In the extremely complicated central
nervous system it is perhaps possible to conclude
that two compounds have a different site of action
when they potentiate each other's effects, but beyond
that no conclusions can be drawn. It is not possible
to conclude that, because two compounds given in
combination exert a depressive effect, they are both
depressants. One might have a depressing effect on
one nerve centre, and the other a stimulating effect on
another nerve centre, the normal function of which
it is to inhibit the first nerve centre. It is not even
possible to conclude that one of two antagonists
is a depressant and the other a stimulant. They
might both be depressants, one depressing an
inhibiting centre, or they might both be stimulants,
one of them stimulating an inhibiting centre. Al-
though such considerations are obvious, they must
be kept in mind when attempting to explain some
of the apparent paradoxes in the mutual effects of
the psychotropic drugs. An example of such a
paradox is that reserpine potentiates the anaesthetic
effect of phenobarbital but antagonizes its anti-
convulsive effect.

Summary
Many psychotropic compounds with sedative

actions potentiate the anaesthetic effect of barbi-
turates, although they do not have an anaesthetic
effect when used alone.
Of the sedative psychotropic compounds only some

antagonize the effect of convulsants. Reserpine and
chlorpromazine do not.
Many sedative psychotropic drugs do not act

synergistically with anticonvulsants.
Some depressant psychotropic drugs antagonize

the effects of LSD and mescaline, but the effect is
only partial, and not all symptoms are antagonized.
The analysis of synergistic and antagonistic effects

on the CNS is difficult, and theoretical conclusions
drawn from such experiments must be treated with
reservation.

SOME "BASIC" EFFECTS OF PSYCHOTROPIC DRUGS

AND THEIR POSSIBLE SIGNIFICANCE

Many of the psychotropic compounds have
actions other than those on the CNS. These include
local anaesthetic, anticholinergic, anti-adrenergic,
antiserotonin and antihistaminic actions. Tripod
(1957) has given an excellent account of these
" basic" effects of a large number of psychotropic
agents. Possibly, some of these " basic" properties
are connected with the effects on the CNS and the
possibility of basing a classification on these pro-
perties will be discussed briefly.

Anticholinergic effect. It is generally accepted
that acetylcholine plays a role in some of the
synaptic processes in the CNS. It is tempting to
conclude that the psychotropic agents which have an
anticholinergic effect also inhibit the cholinergic
synapses in the CNS and that this inhibition is the
cause of the central symptoms. However, not all
anticholinergics have an action on the CNS and
those which have do not all give the same symptoms.
Hence, if the effect of some of the psychotropic
drugs is caused basically by their anticholinergic
effect, the various compounds must have different
affinities to different centres within the CNS. Yet,
some of the actions of the psychotropic drugs are
apparently very closely related to their anticholinergic
properties. The inhibiting effect of diphenhydramine
and benactyzine on the EEG arousal syndrome are
examples. Atropine and scopolamine have the same
effect. All these anticholinergics are capable of
reversing the chronic EEG arousal provoked by
cholinergics or cholinesterase inhibitors. Here the
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connexion between the central and the anticholin-
ergic effect is comparatively clear, but this is not a

proof that the other central symptoms of these agents
are due to their anticholinergic action.
The connexion between an antiadrenergic effect

and a central effect is still more uncertain. There
is some experimental evidence that certain synapses
within the CNS are adrenergic. Chlorpromazine
has an adrenolytic effect. Epinephrine and norepi-
nephrine disappear from the CNS after administra-
tion of reserpine. Both compounds give symptoms
indicating that the parts of the CNS influenced
are those in which the largest amounts of epinephrine
and norepinephrine are normally found. These
facts seem to be more than coincidental. However,
a number of antiadrenergics, including dibenamine
and some of the ergot alkaloids, have no central
effect, but it is possible that they have no affinity for
the central receptors. The question is far from being
cleared up.

The role of 5-hydroxytryptamine (serotonin) in
the mechanism of action of the psychotropic drugs
has been much discussed. Lysergic acid diethylamide
(LSD) is an extremely potent antiserotonin and it
has been suggested that the central effect and the
antiserotonin effect may be interrelated. However,
bromo-LSD has the same antiserotonin action as

has LSD and yet its effects on the CNS are quite
different (Rothlin, 1957). Furthermore, there is
little correlation between the psychic effects of
active LSD-derivatives and their antiserotonin
effect. Even if a correlation could be demonstrated,
this would not necessarily prove that the anti-
serotonin action of LSD plays a role in bringing
about the central effects.
The relation between the psychic effect of reserpine

and its effect on the 5-hydroxytryptamine content
of the brain has aroused much interest. In many

reviews and articles, the hypothesis that reserpine
acts through the liberation of 5-hydroxytryptamine
has been accorded the status of an accepted fact.
It is true that 5-hydroxytryptamine has a depressing
effect on the CNS and prolongs the anaesthetic
action of hexobarbital. In these respects it has
some similarity to reserpine. Yet, two facts disprove a

direct connection between the effects of reserpine and
the liberation of 5-hydroxytryptamine. In the first
place many central effects of 5-hydroxytryptamine
are different from those of reserpine. Secondly,
if iproniazid-which, as previously mentioned,
inhibits the break-down of 5-hydroxytryptamine
in vitro and in vivo is given before reserpine, the

sedative effect of reserpine is converted into a
stimulating effect, in spite of the fact the concentra-
tion of 5-hydroxytryptamine in the brain is increased.
Most probably, there is an indirect connexion
between the liberation of 5-hydroxytryptamine and
the effect of reserpine, but insufficient experimental
evidence is at present available regarding the
mechanism of this connexion. It seems likely that the
depletion of the catecholamines plays a more direct
role in the production of the reserpine effect.

It is generally accepted that the local anaesthetic
action shown by some of the psychotropic com-
pounds has nothing to do with their effects on the
CNS. The concentrations necessary to influence
nerve conduction cannot be obtained in the CNS
even with lethal doses. Compounds with local
anaesthetic properties differ in their effects on the
higher functions of the CNS. For example, chlor-
promazine is sedative, while cocaine causes convul-
sions, and lidocaine has an antiepileptic action.
The antihistaminic action is without significance

as far as central effect is concerned. There is no
indication that histamine plays a direct role in the
function of the CNS.

Finally, some experiments show that, for example,
chlorpromazine and LSD inhibit the oxygen metabo-
lism or the intermediate phosphate metabolism of
nerve cells in vitro. However, much higher concen-
trations are necessary to obtain these effects than can
be found in the brain after systemic application.
As a whole, it must be admitted that nothing is at

present known regarding the mode of action of
the psychotropic drugs. A brave attempt has been
made by Brodie & Shore (1959) to provide an ex-
planation, but although their proposals contain
many inspiring ideas they must still be regarded as
hypothetical (see Table 17, page 465).

SOME TYPES OF PSYCHOTROPIC DRUGS

The effects of the compounds analysed in the
foregoing chapters are summarized in Table 11.
In spite of many gaps, it is possible to distinguish
characteristic types in this table. The main features
of these different types of psychotropic drugs,
together with those of some other compounds having
similar properties, are discussed below.

The major tranquillizers (major neuroplegics)
Reserpine and chlorpromazine mainly depress

mental and autonomic functions, especially those of
the sympathetic system. They never induce anaes-
thesia, even after large doses.
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The effect of reserpine does not depend on the
content of reserpine in the brain cells, but follows
closely changes in the concentration of 5-hydroxy-
tryptamine and norepinephrine in the brain. As
mentioned on page 447 the effect persists for a long
time, even after the last traces of reserpine have
disappeared from the organism. Brodie's des-
cription of reserpine as a " hit-and-run " drug
is thus a striking metaphor. The role played by
5-hydroxytryptamine and/or norepinephrine in the
function of the CNS is-as emphasized several
times an open question, but it is beyond doubt that
the disappearance of these compounds from the
brain cells after reserpine administration is several
steps closer to the mode of action of the drug than
the concentration of reserpine itself. The effect of
reserpine is thus indirect. A few other compounds
belonging to the group of indirect-acting tranquil-
lizers are presented in Annex 2, I. The group con-
sists of the three Rauwolfia alkaloids reserpine,
rescinnamine and dereserpine, together with a
number of benzoquinolizine derivatives, of which
tetrabenazine is the most active. Qualitatively,
the effects of the benzoquinolizine derivatives are
almost identical with those of the Rauwolfia alka-
loids, but they are of shorter duration (Pletscher,
1957a).
In contrast to the reserpine group, the members of

the group represented by chlorpromazine are
characterized by the fact that they do not liberate
5-hydroxytryptamine and norepinephrine. Their
effects increase with the concentration of the drug
in the organism, and thus seem to be elicited by
a more direct action of the drugs on the cells. For
this reason, tranquillizers of this type will be named
direct-acting. Annex 2, II shows the structures of
a few of the compounds known within this group.
Most of them are phenothiazine derivatives. Accord-
ing to Kinross-Wright (1957), three main types are
found:

Type I. The side-chain has 2-4 links, is aliphatic,
and terminates in a dimethylamino group. The
2-position in the phenothiazine group is substituted.
Chlorpromazine is the best-known representative
of this type. According to Burke at al. (1957), the
effect on the inhibition of the conditioned avoidance
response in rats and the tranquillizing effect in mon-
keys increases with the following substitution in the
2-position:

-H = -CONH.NH2 =-OCH3 <-COOCH3
<-Cl <-CF3

The ability to cause extrapyramidal symptoms
is more marked with CF3 substitution than with Cl
substitution (Forrester, 1958). According to Kinross-
Wright, this type of compound is characterized by a
marked adrenolytic activity, moderate to minimal
anticholinergic activity, an antihistaminic effect, and
convulsant properties.

Type IL The phenothiazine group is attached to
an aliphatic chain of one or two carbon atoms
terminating in a substituted piperidine ring. Mepa-
zine is a representative of this type. The group is
characterized by lack of extrapyramidal activities,
slight adrenolytic effects, and slight to marked
parasympatholytic effects.

Type 111. The side-chain is here attached to a
piperazine ring. Perphenazine is an example of this
type. Its members have a considerable tranquillizing
action, 7-10 times that of chlorpromazine per unit
weight. They have an intense action upon the
extrapyramidal system. They also influence the
endocrine centres of the CNS. Their peripheral
autonomic effects are negligible.

In contrast to the indirect-acting tranquillizers,
considerable variations in effect are found from
compound to compound within the group of direct-
acting tranquillizers. Some types have a relatively
minor effect on the extrapyramidal system. Compari-
son between chlorpromazine and triflorperazine
shows that the latter is about 3 times as powerful
in respect of the ability to inhibit conditioned
responses in rats, 5 times as effective in tranquillizing
monkeys, and 10 times as effective as an antiemetic
(Burke et al., 1957). Other differences are also seen.
One phenothiazine derivative (Sch 3940) is at least
7 times as potent as chlorpromazine in its effect
on behaviour, but its effects on the electrophysio-
logical activity of the brain (details not given) are the
same as those of chlorpromazine at the same dose
levels (Hendley, 1957). Courvoisier et al. (1957)
found that, compared with the effect on the condi-
tioned reaction, prochlorperazine has a much
stronger effect on the cataleptic reaction than has
chlorpromazine. On the other hand, methotri-
meprazine has a relatively stronger effect on the pro-
longation of anaesthesia and on body temperature
than on the conditioned reactions. Clinically,
methotrimeprazine is stated to have a slightly
stronger effect on psychiatric cases than has chlor-
promazine, but its effect on the extrapyramidal
system is much smaller. Moreover, Sigwald et al.
(1956) have shown that this compound improves
patients with Parkinsonism. Lambert et al. (1957)
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have given large doses to psychotic patients without
seeing any significant development of Parkinsonian
symptoms.
Some thioxanthene derivatives with a side-chain

similar to that of chlorpromazine exhibit in animals
a number of pharmacological properties similar to
those of chlorpromazine. They decrease the body
temperature, potentiate barbiturates, and exert a
hypotensive and anti-adrenergic action. The most
potent of these compounds hitherto described is
chlorprothixen (N 714; Annex 2, III) (Petersen et al.,
1958). Similar results have also been obtained by
Herold et al. (1958) with a thioxanthene derivative
of hitherto unpublished constitution (R040403).
Methylmercapto derivatives of phenothiazine (e.g.,
TP 21, Annex 2, II) also seem to have an effect
similar to that of chlorpromazine.

Chemically closely related to the phenothiazines
are a series of iminobenzylene and iminostilbene
derivatives. Many of these have some pharmaco-
dynamic properties in common with phenothiazine
derivatives having the same side chain, but in general
larger doses are required to exert the same effect
(Domenjoz & Theobold, 1959).
One of these derivatives is already in clinical use.

Imipramine (Annex 2, III) was found to have an
effect on depression (Kuhn, 1957) which could not
have been foreseen from its pharmacological effects.
It behaves like the phenothiazine derivatives in the
following respects: in animal experiments it exhibits
a sedative effect which is antagonized by central
stimulants; in man, it potentiates the effect of
hypnotics, lowers the blood pressure, and sometimes
induces extrapyramidal symptoms (Kuhn, 1957;
Sigg, 1959). Differences between imipramine and
chlorpromazine can also be found: in animals, even
large doses of imipramine have no effect on the con-
ditioned avoidance response; it has no effect on the
body temperature; and although it antagonizes
epinephrine, it seems to enhance the effect of nor-
epinephrine (Sigg, 1959) Finally, imipramine is a
definite, although feeble, inhibitor of the parasym-
pathetic system and it seems to have an effect on the
EEG similar to that of scopolamine and benactyzine
but weaker (Bradley & Key, 1959). In spite of the
similarities between compounds of this type and, for
example, chlorpromazine, it is questionable whether
they should be classified as major tranquillizers. It
would perhaps be more justified to collect them into
a separate group.
The variations from compound to compound

within the group are of considerable importance,

both to the clinician and to the pharmacologist.
From the scattered comparative investigations, it
seems that the depressive action on psychic and
certain autonomic processes, especially on the
sympathetic system, are more or less inseparable.
The effects on the electrical function of the brain
seem to be a by-product. It is still an open question
whether or not the tranquillizing effect and the
effect on the extrapyramidal system are linked
together, but more recent observations seem to
indicate that a comparatively pronounced clinical
effect can be obtained without influence on the
extrapyramidal system (e.g., Sigwald et al., 1956;
Lambert et al., 1957).
The site of action of the chlorpromazine deriv-

atives is not definitely known. However, the similar-
ity between the action of reserpine and that of chlor-
promazine suggests strongly that they must act upon
almost the same functional parts of the brain. It is
reasonable to conclude that reserpine affects the
parts of the CNS where 5-hydroxytryptamine and
norepinephrine are found, i.e., the medulla, meso-
encephalon and diencephalon (Fig. 1), and pre-
sumably these are also the sites of action of chlor-
promazine.

FIG. 1. MEDIAL SAGITTAL SECTION OF A DOG'S BRAIN
SHOWING DISTRIBUTION OF NOREPINEPHRINE

A 1.0 ,4g/g; +, >0.4<1.0 pg/g; 0, >0.3<0.4 pg/g; -, >0.2<0.3
,Lg/g fresh tissue

Reproduced, by permission, from Vogt, M. (1954)

The minor tranquillizers (minor neuroplegics)
The principal factor in the early development of

the newer psychosedatives was the observation that
certain antihistamines, in addition to their anti-
histaminic effect, also depress certain functions of
the CNS. These central effects were utilized clinic-
ally and efforts were made to produce new com-
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pounds with more pronounced central properties.
Chlorpromazine was the first and most important
result. Among other products investigated, a
number of compounds with some tranquillizing
effect were found, although quantitatively their
action was not so pronounced as that of chlor-
promazine. These compounds are collected here
in a group to which the name minor tranquillizers or
neuroplegics is given. They all have a peripheral
effect, acting as antihistamines, anticholinergics or
otherwise as antispasmodics, and many are local
anaesthetics. In animal experiments, some decrease
spontaneous activity, others increase this activity,
but all prolong hexobarbital anaesthesia. Like the
major tranquillizers, they have no anaesthetic effect
when given alone. They all have effects on the lower
centres- some are anti-Parkinson agents, others
are effective against motion sickness. The members
of this group (Annex 2, IV) seem to be situated at
the pharmacodynamic crossroads with respect to
their action on the CNS. Slight changes in the
molecule may give a tranquillizer, or an antiemetic,
or an agent against Parkinsonism. The best-known
compounds in this group are either phenothiazine
derivatives or benzhydryl derivatives. In Table 11
(page 456) the group is represented by diphenhy-
dramine and hydroxyzine.

Phenothiazine derivatives. Promazine is chlor-
promazine without the chlorine substituent. It has
many properties in common with chlorpromazine
but is weaker. This compound seems to occupy a
place between the major and minor tranquillizers.
A slight change in the side-chain gives promethazine,
which was originally developed as an antihistamine,
but was later proved to have a pronounced anti-
motion-sickness effect. Its sedative action is some-
what more pronounced than that of many other
antihistamines. A further change in the molecule
(N-diethyl instead of N-dimethyl) gives diethazine,
which is an active anti-Parkinson agent.

Benzhydryl derivatives. The antihistamine di-
phenhydramine may itself be regarded as a mild
tranquillizer, and for the sake of comparison its
properties are shown in Table 11 as far as they are
known. By substitution of sulphur for oxygen and
introduction of a sulphur-containing side-chain,
captodiamine was developed (Weidmann & Petersen,
1953). This compound differs from diphenhydra-
mine in causing depression of spontaneous activity
instead of excitation. Hydroxyzine is chemically
closely related to the antihistamine, chlorcyclizine,
and has marked sedative effects, e.g., 5-10 mg/kg s.c.

in rats produces a state of somnolence, very much
like normal sleep (Gatti, 1957). It has been fairly
well examined pharmacologically (e.g., by Levis et
al. 1957).
Some compounds that are not derivatives of

benzhydrol also belong to this group. One is
1-(1-phenylcyclohexyl)piperidine. Its effects vary
somewhat in different species. Excitement is seen
mainly in mice, depressive symptoms being more
marked in rats. It antagonizes seizures provoked by
electrical stimulation and by pentylene tetrazole.
In monkeys, it has a quieting effect and induces a
cataleptoid state at higher dose levels (Chen, 1958).

Sedatives (hypno-sedatives and tranquillo-sedatives)
In Table 11, this group is represented by pento-

barbital, phenaglycodol, meprobamate and mephen-
esin, but many other agents belong to this group.
Some of them are included in Annex 2, V, but to
these must be added the whole range of hypnotics,
from chloral hydrate and amylene hydrate to the
many barbiturates found in every textbook on
pharmacology.

All members of this group have a sedative action
in small doses and thus decrease the spontaneous
activity of experimental animals. In larger doses,
some of them induce anaesthesia. Others depress
the polysynaptic inter-neuronal connexions. These
two effects are not too well correlated with the
sedative effect.

Anaesthetic agents. The poor correlation between
anaesthetic and sedative effects is demonstrated by
some comparisons between ectylurea, pentobarbital
and phenobarbital. With ectylurea, rats become
sedated at doses about 1 % of the LD50, whereas
doses about 90% of the LD50 are necessary for
complete anaesthesia. With pentobarbital, sedation
begins at about 4% of the LD50, while anaesthesia
is complete at 35% of the LD50. Phenobarbital
sedation is seen at 4% of the LD50, and anaesthesia
at 50% of the LD50 (Pindell et al., 1953). Clinically,
these conditions are reflected in the fact that certain
barbiturates act better as sedatives than others. A
similar variation is presumably also found among
other hypnotics of the non-barbiturate type. Methy-
prylon is qualitatively very similar to pentobarbital
in its action.
Agents with a depressive action on polysynaptic

reflexes. Mephenesin itself has little if any sedative
action. Many chemically related compounds have
similar effects. Methocarbamol (3-(o-methoxy-
phenoxy)-1,2-propanediol) (Little & Truitt, 1957)
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has an anti-strychnine activity with a longer duration
than that of mephenesin carbamate. It depresses
polysynaptic reflexes, and prolongs barbiturate
sleeping time. The compound SKF 1216, 2-amino-
6-chlorobenzothiazole (Annex 2, VI) has about
twice as potent a depressive effect on spinal inter-
neurones as mephenesin (Funderburk et al., 1953),
but it is apparently almost deprived of sedative
effect. Its antagonizing effect against metrazol-
induced convulsions is nil in doses up to almost
toxic levels. The chemically related zoxazolamine
(Annex 2, VI) has an activity at the spinal level
similar to that of mephenesin and it seems to be
more potent and to have a longer duration of action.
It has some depressive action at supersegmental
levels of the cerebrospinal axis, in particular causing
suppression of the EEG arousal reaction. Further-
more, it abolishes the cortical after-discharge
produced by electrical stimulation, which suggests
a certain antiepileptic property.

Like mephenesin and meprobamate, zoxazola-
mine has an antagonistic effect to metrazol convul-
sions (Funderburk & Woodcock, 1955a, 1955b).
Meprobamate has an action similar to that of
mephenesin, but in addition its sedative effect is very
pronounced (and very popular). Apart from its
effects at the spinal level, phenaglycodol also exerts a
depressant action at the supraspinal level, for example
on the electrical activity of the brain. This action is
similar in some respects to that of the barbiturates
and in others to that of meprobamate (Slater et al.,
1956). Phenaglycodol diminishes the seizures in epi-
lepsy associated with brain damage (Gruber& Mosier
1957). Finally, a recently discovered compound,
2-(1-naphthylamino)-2-oxazoline (Annex 2, VI) is
stated to exert a depressant activity on the spinal
cord at lower doses than zoxazolamine (Bloom et
al., 1957). Moreover, it has quieting properties
and a taming effect on monkeys, cats, and dogs.
It potentiates the effect of anaesthetics, but increases
the convulsions after metrazol. In this respect, it
seems to be more like reserpine than like mepro-
bamate. The information available about this
interesting compound is still scarce, and it is possible
that it would be more correct to place it among the
major tranquillizers.
Thus the muscle relaxation caused by a depressive

effect on the polysynaptic reflexes is found among
several compounds with qualitatively different
sedative properties: mephenesin has almost no
sedative effect, meprobamate has a pronounced
effect, phenaglycodol is more like the barbiturates,

and naphthylamino-oxazoline has certain similarities
to reserpine. The correlation between the effect on
the polysynaptic pathways and the sedative action
is thus much smaller than the correlation between
the anaesthetic and the sedative effects.
The nature of the sedation produced by these

compounds is fundamentally different from that
caused by the major tranquillizers. It never ends in
catatonia, but in an ataxic stage which gradually
passes into anaesthesia or paralysis. The lower
centres regulating the autonomic or extrapyramidal
functions are not depressed after small, sedative
doses, although a slight depression is found during
the anaesthetic stage. As anticonvulsants, they
increase the threshold for electrically-induced con-
vulsions and antagonize metrazol. The major
tranquillizers cause catalepsy, depress the autonomic
centres, and if they have an influence on convulsions
it is to enhance them.

It is not easy to decide whether or not a funda-
mental difference exists between the sedative state
seen after administration of an anaesthetic and that
produced by a relaxant. The sedation induced by
most anaesthetics is preceded by a stage of more or
less pronounced excitation, in contrast to that
induced by the relaxants. No taming effect on
monkeys has been described with the hypnotics,
although such an effect is pronounced with mepro-
bamate and phenaglycodol. The reactivity of the
animals also shows some differences. Alcohol and
barbiturates influence the unlearned reactivity less
than the learned reactivity, while the opposite seems
to be the case with meprobamate. The effect on
the electrical activity of the brain is also different
in the two groups, e.g., the recruiting response is
enhanced by barbiturates and inhibited by mepro-
bamate. However, no sharp differentiation can be
made between the two types of sedation. Phena-
glycodol has features of both.
The sedative effects of meprobamate are more

like the tranquillizing effects of chlorpromazine,
for example, than are the sedative effects of the
barbiturates. It is therefore proposed that the term
" hypno-sedatives " should be used for the group
comprising the barbiturates, alcohol, etc., and the
term " tranquillo-sedatives " for the group re-
presented by meprobamate, etc.

The anticholinergics

Benactyzine (Annex 2, VII) differs in some respects
from the other compounds. It has no sedative
action, but, on the contrary, increases the spontan-
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eous activity (Larsen, 1955; Gatti, 1957). Nor does
it have a taming effect on monkeys. In animal
experiments, benactyzine has a stimulating action
on the avoidance reactions. In this respect, it acts
differently from the tranquillizers. It has the ability
to normalize stress-induced behaviour. This ability
is also possessed to a certain degree by alcohol,
pentobarbital and, especially, meprobamate, but
benactyzine is the only agent known which gives
this effect in doses without other apparent symptoms.
In rats and cats, some close derivatives of benacty-
zyne seem to have a similar effect (Jacobsen &
Skaarup, 1955b; Holten & Sonne, 1955). Clinically,
the dimethyl derivative seems to act similarly to the
parent compound (Sazonowa, 1957).

Like other anticholinergics, such as atropine and
scopolamine, benactyzine is a strong inhibitor of the
EEG arousal syndrome. It is possible that its central
effects are connected in some way with its anti-
cholinergic action and its effect on the electrical
activity of the brain, but the interrelation is not clear.
Scopolamine has a similar effect to benactyzine

on rats, but not on cats, and atropine has no central
effects comparable with those of benactyzine.
However, Boren & Navarro (1958) have found some
similarities between the effects of benactyzine,
scopolamine, and atropine, on multiple-schedule
behaviour of rats. The anticholinergics may perhaps
be grouped with the minor tranquillizers, but they
differ in so many respects that it is considered better
to separate the centrally acting anticholinergics as a
special group.

The amphetamines

The most important members of this group of
central stimulants are amphetamine, methylamphet-
amine, and tetrahydronaphthylamine. These com-
pounds increase spontaneous activity, facilitate
reactivity, and antagonize the effects of hypnotics
and sedatives-well-known effects which will not be
discussed further. In addition, the amphetamines
stimulate a number of autonomic functions, e.g., they
increase the body temperature and decrease the
appetite. Peripherally, they act as adrenergics and
probably they have an adrenergic effect on the
CNS too.

Chemically related to the amphetamines are
pipradrol and methylphenidate (Annex 2, VIII).
Both these compounds have the same stimulating
actions on the higher functions of the CNS, but
they are without sympathomimetic properties and
they have no effect on the lower centres regulating

blood pressure, appetite, etc. (Brown & Werner,
1954).
A more recently developed member of this group

is phenmetrazine, which seems to act especially on
the appetite, but it also produces some of the
characteristic amphetamine-effects (deprivation of
sleep, reduction of fatigue, etc.) (American Medical
Association, 1958b).

Azacyclonol. This compound is an isomer of
pipradrol (Annex 2, VIII) but is a depressant. The
type of depression is difficult to characterize and
seems to be confined to a decrease in the spontan-
eous activity of the experimental animals (Brown et
al., 1956). It also seems to enhance hexobarbital
anaesthesia, but this effect has not been found by
all investigators. The most interesting property of
azacyclonol is its ability to antagonize a number of
stimulating agents. It normalizes the inhibition of
the transcallosal response of the two-neurone inter-
cortical system provoked, for example, by mescaline
(Marrazzi & Hart, 1957). It also inhibits the hyper-
activity provoked by amphetamine administration
(Brown et al., 1956). However, it has no effect on
the chronic EEG arousal pattern elicited by am-
phetamines or-what is interesting-by its isomer
pipradrol, but it inhibits the arousal following
mescaline or LSD administration. It is claimed to
antagonize the hallucinogenic effect of LSD (Fabing,
1955b; Brown et al., 1956).

The mescaline-LSD group

From Table 11 it is seen that mescaline and LSD
have qualitatively very similar, although far from
identical, actions, opposite to those of the major
tranquilizers in almost all respects. In conformity
with this, an antagonism is found between mescaline
and LSD, on the one hand, and the major tran-
quillizers, on the other. The mescaline-LSD group
has many properties in common with amphetamines,
especially the general stimulating effect and the
sympathomimetic activity, but the hallucinogenic
properties are conspicuous and typical. Annex 2, IX
shows the chemical constitutions of the known mem-
bers of this group, which besides mescaline and LSD
also comprises trimethoxyphenyl-,B-aminopropane
(a homologue of mescaline) and some benzilic acid
derivatives. Trimethoxyphenyl-f-aminopropane pro-
duces "euphoria and loosening of emotional
restraint ". The time between oral administration
and symptoms is 1-1 1/2 hours, about twice as long as
for mescaline (Peretz et al., 1955).
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A new group of hallucinogens has been described
by Abood et al. (1958). This comprises a number
of benzilic acid derivatives, which are powerful
anticholinergics, not unrelated to benactyzine
Annex 2, IX. Subjects receiving 10 mg (orally)
of N-methyl-3-piperidylbenzilate showed complete
loss of contact with the environment for many hours
while experiencing dramatic visual and auditory
hallucinations. It is claimed that in many respects
these anticholinergic agents come closer to simula-
ting clinical psychoses than do mescaline and LSD.
A number of subjects exhibited paranoid and
megalomanic delusions, while the affective states
varied from a feeling of unpleasantness to extreme
terror (Abood et al., 1958). After extremely high
doses of benactyzine (1300-1400 mg (?) by mouth)
a psychotic state with hallucinations and delusions
has been described. Nothing in the description
seems to indicate that the symptoms were similar
to the distortion of sensual perceptions seen after
mescaline or LSD (Vojtechovsky, 1958).

The monoamine oxidase inhibitors
The specific monoamine oxidase inhibitors form

a special and interesting group among the psycho-
tropic drugs. Clinically and pharmacologically
they must be classified as stimulating compounds,
although they have very few properties in common
with other stimulating drugs, e.g., the amphetamines
and caffeine. Iproniazid is the best-examined
member of this group.

Iproniazid (Annex 2, X) was introduced as a
chemotherapeutic agent against tuberculosis in
1952 after having been shown to exert a pronounced
antibacterial effect on Mycobacterium tuberculosis,
both in vitro (complete inhibition of growth in a
concentration of 2-3 jug/ml) and in vivo. It was first
employed in psychiatry in 1956-57 and turned out
to have an almost specific effect on mental de-
pression. It is very probable, but not absolutely
certain, that this antidepressive effect is caused by
its action as a specific inhibitor of the monoamine
oxidase in the organism.
The monoamines in the organism are oxidized

by monoamine oxidase, which catalyses the process:
+ +

R-CH2NHR'R" + 02---- RCHO + NH2R'R" +
H202

Subsequently the aldehyde group is oxidized to
a carboxyl group and the hydrogen peroxide de-
composed by catalase. In this way epinephrine is
oxidized to the corresponding acid (for references,

see Blaschko, 1952), and 5-hydroxytryptamine
(serotonin) is similarly oxidized by monoamine
oxidase (Sjoerdsma et al., 1955). The enzyme is
found in the mitochondria of the cells, especially
in those of the liver and the brain.
The inhibiting effect of iproniazid on mono-

amine oxidase was demonstrated in 1952 by Zeller
& Barsky, both in vitro and in vivo. When rats are
given an injection of 20-40 mg/kg of iproniazid and
sacrificed 2 hours later the mitrochondria of their
organs (brain and liver) are found to be almost or
entirely devoid of monoamine oxidase effect (Zeller
& Barsky, 1952; Gluckman et al., 1957). It can also
be shown that pretreatment with iproniazid inhibits
the metabolism of epinephrine (Schayer & Smiley,
1953) and of 5-hydroxytryptamine (Sjoerdsma et al.,
1955) and enhances the effect of various amines,
e.g., phenylethylamine (Rebhun et al.. 1954). The
effect on the amine content in the brain and other
organs of animals pretreated with iproniazid and
subsequently given reserpine has already been
thoroughly discussed (see page 447).Recently several
other hydrazines have been examined, all of which
are powerful inhibitors of monoamine oxidase.
Phenelzine (Annex 2, X), /-phenylisopropyl-hydra-
zine (Annex 2, X), and nialamide (Annex 2, X) are
examples of drugs of this type.

In spite of its pronounced effect on monoamine
oxidase, iproniazid has relatively little pharmaco-
dynamic effect in normal animals. No apparent
symptoms have been noticed after doses known to
be effective on the enzyme activity. It is not until
the doses approach the lethal level that signs of
stimulation of the nervous system become evident.
The animals die in clonic convulsions, the LD50 for
rabbits being 120-150 mg/kg i.v. (Benson et al., 1952).
These limited and uncharacteristic symptoms have
several times been confirmed in other animals (e.g.,
by Chessin et al., 1957; Westlin, 1957).

In tuberculosis patients with no apparent psy-
chotic symptoms, some mental changes have been
noticed. After daily doses of 4 mg/kg and more,
most patients showed twitching of the extremities
and exaggerated reflexes; signs of psychic excitation
were also apparent. Disciplinary problems were
unusually common, and the apathy and drowsiness
characteristic of many acutely ill tuberculous patients
were completely eliminated (Robitzek & Selikoff,
1952).
Other compounds also inhibit monoamine oxi-

dases, e.g., the amphetamines, some antihistamines
(diphenhydramine), and some local anaesthetics,
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TABLE 12

CLASSIFICATION OF PSYCHOTROPIC COMPOUNDS PROPOSED BY THE WHO STUDY GROUP
ON ATARACTIC AND HALLUCINOGENIC DRUGS IN PSYCHIATRY (1959)

Class

Major tranquillizers
or " neuroleptics "

Broad pharmacological effects

Depression of autonomic centres (espe-
cially of the sympathetic system); re-
duction of motor activity and of condi-
tioned avoidance responses. No anaes-
thesia, even in large doses.

Broad clinical effects

Tranquillization of over-active psychotic
syndromes. Indifferencetoendogenous
or exogenous stimuli. Production of
extrapyramidal syndrome in high doses.

Some specific
instances

Chlorpromazine
(direct-acting)
Reserpine
(indirect-acting)

Minor tranquillizers As the neuroleptic drugs, but effects Hydroxyzine
less marked.

Lessened effecton psychotic syndromes
Sedation in cases of anxiety

Tranquillo- Reduction of motor activity, ending in Meprobamate
sedatives paralysis. Little autonomic effect, No No hypnotic effect

anaesthesia, even in large doses.
As above, but coupled with hipnotyc
effect

Hypno-sedatives Reduction of spontaneous activity; ata- Pentobarbital
xia leading to anaesthesia. Alcohol

Centrally acting A " normalizing " effect on certain expe- Sedation in special instances of anxiety Benactyzine
anti-acetylcholine rimentally induced behavioural states. states. No hypnotic effect.
drugs No depression of motor activity. No

central effect on autonomic centres.

Stimulant Increased motor activity, alerting. Re- Decrease of fatigue, stimulation. May Amphetamine
(psychotonic) duction of sleep and appetite. Central increase symptoms in psychosis. In- Pipradrol
drugs sympathetic effects. crease of anxiety, if present. Iproniazid

Psychosomimetic Increased motor activity. Catatonia. Marked effects on affect, perception, Mescaline
(hallucinogenic) Fluctuating autonomic effects. and thought process. Mimic acute psy- Lysergic acid
agents chotic disturbance. diethylamide (LSD)

such as cinchocaine and cocaine (Blaschko, 1952).
However, their inhibitory effect is less than that of
iproniazid, and it is unlikely that the symptoms
produced by these agents, all of which cause excita-
tion, are to be ascribed to their anti-monoamine-
oxidase effect. The symptoms are different from
those caused by iproniazid, and, much more im-
portant, their pharmacodynamic effects are often
very pronounced in doses at which no influence what-
ever can be observed on the amines or the oxidases.

CLASSIFICATION OF PSYCHOTROPIC COMPOUNDS

The compounds discussed have clear-cut pharma-
cological properties by means of which they may be
easily distinguished. They may be grouped in
classes, the members of which have properties in
common. The classification used here is given in
Table 12. Other classifications that have been
proposed are shown in Tables 13-18. Each classifica-

tion has its advantages and disadvantages, but
these will not be entered into here.
Some authors have stressed the clinical properties

of the compounds in their proposals for grouping;
others have used the pharmacodynamic properties
of the compounds as a basis for classification.
Neither system of grouping is quite satisfactory, nor
can a satisfactory system be devised until the mode
of action of the compounds has been fully cleared
up.
As always in pharmacology, the compounds have

so many different properties that anything more
than a gross classification is almost impossible-and
clinically useless. Moreover, in most of the classifica-
tions, including the one used here, a large number
of agents with psychotropic effects are not taken
into consideration. Among the depressants, the
bromides, the lithium salts, and the morphine
alkaloids are the most important omissions. Of
the stimulant drugs, the general analeptics and
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TABLE 13

CLASSIFICATION OF PSYCHOTROPIC DRUGS
AS PROPOSED BY ALEXANDER (1956)

Group Characteristics Examples

Tranquillizers Cause depression, but Chlorpromazine
no anaesthesia Reserpine

Relaxants Inhibit polysynaptic Meprobamate
reflexes

Ataraxics Counteract the effects Azacyclonol
(deconfusing) of LSD and of mesca-

line without inducing
sedation

Antiphobics Selectively abolish Benactyzine
" neurotic " inhibitory
avoidance responses
without inhibiting the
orienting responses
and conditioned
reflexes

TABLE 14

CLASSIFICATION OF PSYCHOTROPIC DRUGS BASED
ON PROPOSALS MADE BY KLINE (1959)

Group Examples

Hypnotics Barbiturates

Sedatives Morphine
Hyoscine

Most of the hypnotics in
small doses

Diphenhydramine

Benactyzine

Muscle relaxants with some Meprobamate
sedative action

Ataraxics (neuroleptics) Rauwolfia alkaloids

Chlorpromazine

Psychomotor stimulants Amphetamine

Pipradrol

Phenidylate

Psychic energizers Iproniazid

Psychomimetics LSD

Mescaline

TABLE 15
CLASSIFICATION OF PSYCHOTROPIC DRUGS BASED

ON PROPOSALS MADE BY DELAY (1959)
AND THUILLIER (1959)

Group Sub-group E Examples

Reserpine

Neuroleptics Chlorpromazine,
phenothiazine
derivatives, etc.

Psycholeptics Sedatives Meprobamate

Tranquillizers Benactyzine, etc.

Phenobarbital

Hypnotics Amobarbital

Glutethimide, etc.

Amphetamine

Caffeine-pipradrol

Psychotonics Vitamins

Hormones
Psychoanaleptics

DOCA, etc.

Alcohol

Opium
Euphoriants

Cocaine

Nitrous oxide, etc.

Psychodysleptics Mescaline
(psychoso-
mimetics) Hallucinogens Hashish

Yag4, etc.

Depersonalizers LSD, etc.

TABLE 16
CLASSIFICATION OF PSYCHOTROPIC DRUGS

AS PROPOSED BY LEHMANN (1959)

A. Drugs which produce Barbiturates
inhibition

Phenothiazine derivatives

B. Drugs which produce Caffeine
excitation

Amphetamine

C. Drugs which produce Mescaline
model psychoses

LSD

As a sub-group under A, Lehmann includes the tranquillizing,
ataractic or neuroleptic drugs. These substances are charac-
terized by their property of selective Inhibition of the CNS, i.e.,
they are able to affect the various levels of the CNS In ascending
order, the subcortical structures being inhibited before, and to
a greater extent than, the cerebral cortex.
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TABLE 17
CLASSIFICATION OF PSYCHOTROPIC DRUGS BASED
ON PROPOSALS MADE BY BRODIE & SHORE (1959)

ASSUMPTIONS
1. An equilibrium exists between the ergotropic system and the

trophotropic system in the brain. If the former predominates
the result will be excitation, if the latter is more active the
result will be sedation.
(The existence of two such antagonistic systems was indi-

cated by the experiments of W. R. Hess before the Second
World War (see Hess, 1954).)
2. A predominance of the trophotropic system can be pro-

voked either by drugs that stimulate the trophotropic system
or by those that block the ergotropic system. Vice versa, a
predominance of the ergotropic system can be provoked by
drugs which either block the trophotropic system or stimu-
late the ergotropic system.

3. The neurohormone in the ergotropic system is norepineph-
rine. The neurohormone in the trophotropic system is
5-hydroxytryptamine (serotonin).

4. The general effect of norepinephrine is thus exciting, while
the general effect of 5-hydroxytryptamine is depressing.
Note: The excitation provoked by 5-hydroxytryptophane is

explained by the fact that it releases norepinephrine in the
brain, as has been shown by direct experiment.

CLASSIFICATION
1. Drugs provoking predominance of the trophotropic system

(a) by stimulating the trophotropic system: reserpine and
other active Rauwolfia alkaloids (release of serotonin);
(b) by blocking the ergotropic system: chlorpromazine and
other active phenothiazines (inhibition of the central effect
of norepinephrine).
In both cases the result is a general depression with quali-
tatively the same symptoms.

2. Drugs provoking predominance of the ergotropic system
(a) by stimulating the ergotropic system:

(i) monoamine oxidase inhibitors and reserpine (in-
hibition of the break-down of norepinephrine, causing
increased output);
(ii) amphetamines, mescaline, etc., and cocaine (mi-
micking of the effect of norepinephrine);

(b) by blocking the trophotropic system:
LSD (acting as an antiserotonin).

In adequate doses all the drugs in group 2 provoke the same
symptoms (including hallucinations).

caffeine are not described, neither are cocaine,
bulbocapnine, or the marihuana alkaloids, to
mention only examples of compounds with pro-
nounced effects on the psyche. Some of these
belong in one or more respects to one of the classes
described, in other respects to a different class.
Morphine, for example, has many properties in
common with the major tranquillizers, e.g., it
depresses the conditioned reflexes. On the other
hand, it provokes a general outburst of sympathetic
activity in some animals, which in some respects
makes it resemble LSD. Cocaine has effects
similar to those of the amphetamines, but differs
from these compounds in other respects, and so on.

The groups given in Table 12 are thus merely
to be considered as general characterizations which

make it possible to provide short descriptions of
old or newly discovered compounds. The gradual
transition from one group to another, however,
precludes the groups being regarded as a series of
watertight compartments into which every com-
pound may be fitted. A comprehensive classification
would require a complicated system, which would

TABLE 18

CLASSIFICATION OF PSYCHOTROPIC DRUGS
AS PROPOSED BY THE AMERICAN MEDICAL
ASSOCIATION, COUNCIL ON DRUGS (1958a)

I. Antihistamines
A. Psychotherapeutic antihistamines

(a) hydroxyzine hydrochloride

II. Central nervous system depressants
A. Non-selective depressants

(1) analgesics
(2) general anaesthetics
(3) hypnotics and sedatives

B. Selective depressants
(1) anticonvulsants
(2) antihistamines (as above)
(3) antitussives
(4) central muscle relaxants (skeletal muscle relaxants),

non-sedative
(a) mephenesin
(b) mephenesin carbamate

(5) central muscle relaxants (skeletal muscle relaxants),
sedative
(a) meprobamate
(b) phenaglycodol
(c) promoxalane

(6) central parasympathetic suppressants
(a) benactyzine

(7) central sympathetic suppressants, phenothiazine
derivatives
(a) chlorpromazine
(b) mepazine
(c) perphenazine
(d) prochlorperazine
(e) promazine
(f) triflupromazine

(8) central sympathetic suppressants, Rauwolfia deri-
vatives
(a) alseroxylon
(b) deserpidine
(c) Rauwolfia
(d) rescinnamine
(e) reserpine

IlIl. Central nervous system stimulants
(a) methylphenidate
(b) pipradrol

IV. Miscellaneous agents
(a) azacyclonol
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FIG. 2.
DIAGRAMMATIC CLASSIFICATION OF SOME PSYCHOTROPIC DRUGS

ACCORDING TO VARIOUS TYPES OF ACTION: 1. STIMULATING AND
SEDATIVE EFFECTS

FIG. 3.
DIAGRAMMATIC CLASSIFICATION OF SOME PSYCHOTROPIC DRUGS

ACCORDING TO VARIOUS TYPES OF ACTION: II. AUTONOMIC EFFECTS
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FIG. 4.
DIAGRAMMATIC CLASSIFICATION OF SOME PSYCHOTROPIC DRUGS

ACCORDING TO VARIOUS TYPES OF ACTION: III. EFFECTS ON THE
ELECTRICAL ACTIVITY OF THE BRAIN (EEG AROUSAL)
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FIG. 5.
DIAGRAMMATIC CLASSIFICATION OF SOME PSYCHOTROPIC DRUGS

ACCORDING TO VARIOUS TYPES OF ACTION: IV. EFFECTS ON THE
EXTRAPYRAMIDAL SYSTEM
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be impractical to work with, both for the pharma-
cologist and the clinician. However, in order to de-
monstrate how such a system might be constructed,
certain types of compounds are arranged schematic-
ally in Fig. 2-5, so that compounds with common
properties are placed next to each other. It will be
seen that the lines separating the different pro-
perties follow different courses, according to the
property examined. The diagrams comprise only
a limited number of the compounds in order not
to make them too complicated, but they may serve

to illustrate the impossibility of establishing clear-
cut divisions between the groups. In addition, they
summarize some of the points discussed here.
At the same time, it must be borne in mind that

if it is desired to characterize a new agent sufficiently
to allow a clinician to evaluate its potential therapeu-
tic possibilities, it will be necessary to determine a
" profile of action" covering a wide range of
effects, similar, for example, to that given in Table 11
(page 456). Only in this way can an agent be regarded
as comprehensively described.

RtSUMt

L'interet porte au mode d'action des medicaments
psychotropes s'est accru ces dernieres annees, a mesure
que s'acce1erait la mise au point de substances agissant
sur les centres superieurs du systeme nerveux central.
Une grande confusion regne dans ce domaine, du fait
que ces medicaments peuvent avoir certains effets sur
certaines fonctions et des effets opposes sur d'autres, et
qu'une terminologie precise et universellement acceptee
fait defaut pour definir ces proprietes et etablir une
classification.

Afin d'claircir la situation, l'auteur a entrepris
1'examen systematique des effets, aux divers niveaux du
systeme nerveux, de quelques-uns des medicaments
psychotropes. Les effets antagonistes et synergiques des

drogues dans une posologie qui les combinerait, sont
egalement examines. L'auteur envisage aussi les relations
eventuelles entre l'action de certains de ces medicaments
sur le systeme nerveux et leurs effets somatiques.
Le tableau est complexe et des lacunes restent a

combler. I1 est toutefois possible de reconnaitre certains
types principaux de ces medicaments, et de fonder sur eux
une classification. C'est ce que l'auteur tente dans cet
article, oiu it etudie leurs effets sur diverses fonctions du
cerveau, chez l'animal et chez l'homme, et les effets
secondaires affectant d'autres fonctions. En annexes
figurent la liste provisoire des medicaments psychotropes
et la formule chimique graphique de quelques groupes de
ces substances.
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Annex 1

A PROVISIONAL LIST OF PSYCHOTROPIC DRUGS IN COMMON USE *

Registered trade name or other Non-proprietary or chemical name Formula
manufacturer's designation

Acepromazine a Annex 2, II

Allotropal Methylpentynol a Annex 2, V

Aminazine Chlorpromazine Annex 2, II

Ampliactil Chlorpromazine Annex 2, II

Amplictil Chlorpromazine Annex 2, II

Aneural Meprobamate a Annex 2, V

Atarax Hydroxyzine a Annex 2, IV

Ataraxoid Hydroxyzine a Annex 2, IV

Atemorin Methylpentynol a Annex 2, V

Atempol Methylpentynol a Annex 2, V

Atensin Mephenesin a Annex 2, V

Atosil Promethazine a Annex 2, IV

Avoxyl Mephenesin a Annex 2, V

Azacyclonol a Annex 2, VIII

Benactyzine a Annex 2, VII

Benadryl Diphenhydramine a Annex 2, IV

O\0 CH2-N
Benodaine Piperoxan a

0OS
* As pointed out in the text, the nomenclature of psychotropic drugs is still liable to frequent

revision. The non-proprietary names given in the centre column cannot be considered definitive or
official; wherever possible the international non-proprietary names proposed by WHO have been given.

a Proposed international non-proprietary name
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Registered trade name or other Non-proprietary or chemical name Formula
manufactiurer's designation

Captodiame a Annex 2, IV

Captodiamine Annexe 2, IV
(captodiame a)

Casantin Diethazine a S N. CH2. CH2.N (C2H5)2

Catron /-phenylisopropyl- Annex 2, X
hydrazine

1497 C.B. 4-propionyl-10-(3'-
dimethylaminopropyl) S N. CH2. CH2. CH2.N (CH3)2
phenothiazine

~ COCH2.CH3

1522 C.B. Acepromazine a Annex 2, II

Cevanol Benactyzine a Annex 2, VII

Chlorpiprozine Annex 2, II
(perphenazine a)

Chlorpromazine Annex 2, II

Chlorpromazine 0 - S N.CH2. CH2. CH2. N(CH3)2
sulfoxide

C1

Chlorprothixen Annex 2, III

Cirpon

Compazine

a Proposed international

Meprobamate a

Prochlorperazine a

non-proprietary name

Annex 2, V

Annex 2, II
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Registered trade name or other

Registered trade name or other
manufacturer's designation

Covatin

Cresoxydiol

Crystoserpin

Curythan

Daserol

Decontractyl

Delysid

Dibutil

Diloxol

Non-proprietary or chemical name

Captodiame a

Mephenesin a

Reserpine a

Mephenesin a

Mephenesin a

Mephenesin a

Lysergide a
(lysergic acid diethylamide)

Profenamine a

Diethazine

Mephenesin a

H
H3C O CH.CH20H

Dimethylane Promoxalane a H3C c
H3C\ o CH2

H3C
H

Diphemin Benactyzine a Annex 2, VII

Diprozin Promethazine a Annex 2, IV

0

Doriden Glutethimidea N-H
11

C2H5 0

Dorison Methylpentynol a Annex 2, V

Dormalest Methylpentynol a Annex 2, V

a Proposed international non-proprietary name

Formula

Annex

Annex

Annex

Annex

Annex

Annex

Annex

2,

2,

2,

2,

2,

2,

2,

IV

V

V

V

V

IX

Annex 2, IV

See Casantin

Annex 2, V
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Registered trade name or other Non-proprietary or chemical name Formula
manufacturer's designation

Dormison Methylpentynol a Annex 2, V

Ectylurea a Annex 2, V

Enteramine HO / CH2-CH2-NH2
(5-hydroxytryptamine) N/

H

Equanil Meprobamate a Annex 2, V

Equinil Meprobamate a Annex 2, V

Eskaserp Reserpine a Annex 2, I

Ethchlorovynol Annex 2, V

Ethopropazine Annex 2, IV
(profenamine a)

Ethoxy bitanoxane See 883 F

O Cb-No C2H5
883 F Ethoxy bitanoxane / 2

2 H5

993 F Piperoxan a

Fargan Promethazine a

Fenergan Promethazine a

Flexin Zoxazolamine a

Fobex Benactyzine a

Frenquel Azacyclonol a

G 22 355 Imipramine

a Proposed international non-proprietary name

See Benodaine

Annex 2, IV

Annex 2, IV

Annex 2, VI

Annex 2, VII

Annex 2, VIII

Annex 2, III
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Registered trade name or other Non-proprietary or chemical name Formula
manufacturer's designation

Glykresin

Glyotol

Hibanil

Hibernal

Holbamate

lbiotyzil

Isothazine

Isothiazine

Kinavosyl

Lacumin

Largactil

Lergigan

Lilly 01780

a Proposed international

Glutethimide a

Mephenesin a

Mephenesin a

Chlorpromazine

Chlorpromazine

Meprobamate a

Hydroxyzine a

Benactyzine a

Imipramine

Iproniazid a

Isoniazid a

Profenamine a

Profenamine a

Mephenesin a

Mepazine

Chlorpromazine

Promethazine a

Levomepromazine a

1 -dimethylamino-
2-(p-chlorobenzyl)-
2-phenoxyethane

non-proprietary name

See Doriden

Annex 2, V

Annex 2, V

Annex 2, II

Annex 2, II

Annex 2, V

Annex 2, IV

Annex 2, VII

Annex 2, III

Annex 2, X

Annex 2, X

Annex 2, IV

Annex 2, IV

Annex 2, V

Annex 2, II

Annex 2, II

Annex 2, IV

Annex 2, II

\ OCH.CH2N(CH3)2
IH
CH2- -C1
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Registered trade name

Registered trade name or other
manufacturer's designation

Lissephen

LSD

Non-proprietary or chemical name

Mephenesin a

Lysergide a
(lysergic acid diethylamide)

LSD 25 Lysergide a Annex 2, IX
(lysergic acid diethylamide)

Lucidil Benactyzine a Annex 2, VII

Lysergide a Annex 2, IX
(lysergic acid diethylamide)

Lysivane Profenamine a Annex 2, IV

NH. NH. CO
Marplan 1-benzyl-2-(5'-methyl-

isoxazole-3'-carbonyl)- CH2 C-CH
hydrazine N C. CHs

0\0

Marsilid Iproniazida Annex 2, X

CH3
MC 2303 MephenesinaaO OH2.CH.CH2O.CONH2

carbamate -
O.CONH2

Mr

ml

Ml

Ml

ml

C 4703 Triflorperazine

cN 485 Zoxazolamine a

egaphen Chlorpromazine

emphenesin Mephenesin a

epavlon Meprobamate a

Mepazine

a Proposed international non-proprietary name

Annex 2, II

Annex 2, VI

Annex 2, II

Annex 2, V

Annex 2, V

Annex 2, II

Formula

Annex 2, V

Annex 2, IX
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Registered trade name or other
manufacturer's designation

Mepherol

Mephesin

Mephson

Meproban

Mepavlon

Mer-1 7

Meratran

Non-proprietary or chemical name

Mephenesin a

Mephenesin a carbamate

Mephenesin a

Mephenesin a

Mephenesin a

Meprobamate a

Meprobamate a

Meprobamate a

Azacyclonol a

Pipradrol a

Methallatal

Methopromazine a

Methotrimeprazine
(levomepromazine a)

Methoxyphenamine

Methylparafynol

Methylpentynol a

Methylpentynol a

carbamate

Methylphenidate a

Methyprylon a

a Proposed international non-proprietary name

Formula

Annex 2, V

See MC 2303

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, VIII

Annex 2, VIII

See Mosidal

Annex 2, II

Annex 2, II

See Orthoxine

See methylpentynol,
Annex 2, V

Annex 2, V

See Oblivon

Annex 2, VIII

Annex 2, V
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Registeredtrade name

Registered trade name or other
manufacturer's designation

Miltown

Moderil

Mopazine

Non-proprietary or chemical name

Meprobamate a

Rescinnamine a

Methopromazine a

0
N- CH5

Mosidal Methallatal HS
-N CH2.C= CH2

H CH3

Myanesin Mephenesin a Annex 2, V

Myodetensin Mephenesin a Annex 2, V

Myolysin Mephenesin a Annex 2, V

Myoscain E 3- (o-methoxyphenoxy)- /-OCH3
propane-i ,2-diol -OCH2.CHOH.CH20H

Myoten Mephenesin a Annex 2, V

Myoxane

N 714

Nardil

Neuroleptone

Niamid

N-Oblivon

Noludar

Nostyn

a Proposed international

Mephenesin a

Chlorprothixen

Phenelzine

Benactyzine a

Nialamide

Methylpentynol a
carbamate

Methyprylon a

Ectylurea a

non-proprietary name

Annex 2, V

Annex 2, III

Annex 2, X

Annex 2, VII

Annex 2, X

See Oblivon

Annex 2, V

Annex 2, V

Formula

Annex 2, V

Annex 2, I

Annex 2, II
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Registered trade name or other

Registered trade name or other
manufacturer's designation

Notensil

Nutinal

Oasil

Non-proprietary or chemical name

Acepromazine a

Benactyzine a

Meprobamate a

Formula

Annex 2, II

Annex 2, VII

Annex 2, V

O.CONH2
Oblivon Methylpentynol a

carbamate CH:C.C.CH2.CH3
CH3

Oblivon carbamate Methylpentynol a See Oblivon
carbamate

Oranixon Mephenesina Annex 2, V

OCH3 CH3

Orthoxine Methoxyphenamine /-CH2.CH
NH

CH3

Pacatal Mepazine Annex 2, II

Parasan Benactyzine a Annex 2, VII

Parphezin Profenamine a Annex 2, IV

Parsidol Profenamine a Annex 2, IV

Parsitan Profenamine a Annex 2, IV

CH3
+ -

CH.CH2.N(CH3)3 SO3 <
Pasidol Thiazinamium

a Proposed international non-proprietary name
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Registered trade name ar ather

Registered trade name or other
manufacturer's designation

Pecazine

Perequil

Perlopal

Pertranquil

Phenergan

Phenidylate

Placidyl

Plegicil

Prazine

Non-proprietary or chemical name

Mepazine

Meprobamate a

Methylpentynol a

Perphenazine a

Meprobamate a

Phenaglycodol a

Phenelzine

Promethazine a

Methylphenidate a

Piperoxan a

Pipradrol a

Ethchlorovynol

Acepromazine a

Promazine a

Formula

Annex 2, II

Annex 2, V

Annex 2, V

Annex 2, II

Annex 2, V

Annex 2, V

Annex 2, X

Annex 2, IV

Annex 2, VIII

See Benodaine

Annex 2, VilI

Annex 2, V

Annex 2,

Annex 2, II

CH20H
Prenderol 2,2-diethyl-propane-1,3-diol H5C2-C-C2H5

CH20H

Probamyl Meprobamate a Annex 2, V

Procalmadiol Annex 2, V
(meprobamate a)

Prochlorperazine a Annex 2, II

a Proposed international non-proprietary name
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Registered trade name or other
manufacturer's designation

Prolax

Promwill

Propaphenin

Protazine

Psychosan

Quaname

Quiescin

Raused

Relaxar

Relaxil

Renarcol

Reorganin

Reserpoid

a Proposed international

Non-proprietary or chemical name

Profenamine a

Mephenesin a

Promazine a

Promethazine a

Promoxalane a

Promazine a

Chlorpromazine

Promethazine a

Azacyclonol a

Meprobamate a

Reserpine a

Reserpine a

Mephenesin a

Mephenesin a

Mephenesin a

3-(o-methoxyphenoxy)-
propane-1,2-diol

Rescinnamine a

Reserpine a

Reserpine a

non-proprietary name

Formula

Annex 2, IV

Annex 2, V

Annex 2, II

Annex 2, IV

See Dimethylane

Annex 2, II

Annex 2, II

Annex 2, IV

Annex 2, VIII

Annex 2, V

Annex 2, I

Annex 2, I

Annex 2, V

Annex 2, V

Annex 2, V

See Myoscain E

Annex 2, I

Annex 2, I

Annex 2, I

484
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Registered trade name or other

Registered trade name or other
manufacturer's designation

Restenil

Ritalin

Rivasin

Non-proprietary or chemical name

Meprobamate a

Methylphenidate a

Reserpine a

Formula

Annex 2, V

Annex 2, VIII

Annex 2, I

CH3O-/
CH3OJ CH3

Robaxin Tetrabenazine
(Ro 1-9569) methocarbamol

O CH3

CO.NH.CH3

Rodipal Profenamine a Annex 2, IV

R.P. 3276 Promazine a Annex 2, II

R.P. 3277 Promethazine a Annex 2, IV

R.P. 4560 Chlorpromazine Annex 2, II

R.P. 4632 Methopromazine a Annex 2, II

R.P. 4909 3-chloro-10-
(3'-diethylaminopropyl) S N.CH2.CH2.CH2.N(C2H5)2
phenothiazine

C1

R.P. 6140 Prochlorperazine a Annex 2, II

R.P. 7044 3-methoxy- CH3
10-(2'-methyl-3'- S N.CH2.CH.CH2N(CH3)2
dimethylaminopropyl)
phenothiazine

\OCH3
a Proposed international non-proprietary name
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Registered~~trd naeo te

Registered trade name or other
manufacturer's designation

Sansdolor

Sandril

Sedaraupin

Serfin

Serolfia

Serpanray

Serpasil

Serpate

Serpen

Serpentina

Serpiloid

Serpine

Setran

Sinan

SKF 1216

Non-proprietary or chemical name

Mephenesin a

Reserpine a

Reserpine a

Reserpine a

Reserpine a

Serotonin

Reserpine a

Reserpine a

Reserpine a

Reserpine a

Reserpine a

Reserpine a

Reserpine a

Meprobamate a

Mephenesin a

2-amino-6-chloro-
benzothiazole

Formula

2,

Annex 2, 1

Annex 2, I

Annex 2, I

Annex 2, I

See enteramine

Annex 2,

Annex 2, I

Annex 2, I

Annex 2, I

Annex 2, I

Annex 2, I

Annex 2, I

Annex 2, V

Annex 2, V

Annex 2, VI

C1

SKF 1448 2-amino-4-chloro- - N
benzothiazole 1-lNH2

\So

a Proposed international non-proprietary name
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Registered trade name or other Non-proprietary or chemical

Registered trade name or other Non-proprietary or chemical name
manufacturer's designation

SKF 2601 Chlorpromazine

SKF 5019 Triflorperazine

Somnesin Methylpentynol a

Sparine Promazine a

Spasmolyn Mephenesin a

Stelazine Triflorperazine

Stemetil Prochlorperazine a

Suavitil Benactyzine a

Suvren Captodiame a

Tetrabenazine

Thiergen Promethazine a

Thorazine Chlorpromazine

Thoxidil Mephenesin a

Tofranil (G 22 355) Imipramine

Tolansin Mephenesin a

Tolax Mephenesin a

Tolhart Mephenesin a

Tolosate Mephenesin a

Toloxyn Mephenesin a

a Proposed international non-proprietary name

Formula

Annex 2, II

Annex 2, II

Annex 2, V

Annex 2, II

Annex 2, IV

Annex 2, II

Annex 2, II

Annex 2, VII

Annex 2, IV

Annex 2, I

Annex 2, IV

Annex 2, II

Annex 2, V

Annex 2, III

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, V
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Registered trade name or other

Registered trade name or other
manufacturer's designation

Tolseram

Tolserol

Tolulexin

Tolulox

T

T

Ti

Ti

V

W

Non-proprietary or chemical name

Mephenesin a carbamate

Mephenesin a

Mephenesin a

Mephenesin a

olyspaz Mephenesin a

P 21 3-methylmercapto-
10-(1 '-methylpiperid-2'-yl)ethyl
phenothiazine

Triflorperazine
(trifluperazine)

Triflorpromazine
(triflupromazine)

rilafon Perphenazine a

ruxal Chlorprothixen

Itran Phenaglycodol a

esprin Triflorperazine

ralconesin Mephenesin a

Zoxazolamine a

a Proposed international non-proprietary name

Formula

See MC 2303

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, V

Annex 2, II

Annex 2, II

Annex 2, II

Annex 2,

Annex 2,1

Annex 2,1

Annex 2,

Annex 2,

Annex 2,

II

III

V

II

V

VI

488



COMPARATIVE PHARMACOLOGY OF SOME PSYCHOTROPIC DRUGS 489

Annex 2

STRUCTURAL FORMULAE OF VARIOUS GROUPS OF PSYCHOTROPIC DRUGS

1. SOME MAJOR TRANQUILLIZERS WITH AN INDIRECT EFFECT

OCH3

I >R1 = OC OCH3 R2 -OCH3 Reserpine

OCH3
H

OCH3

CH300C- -R1 = -OOC-{>-OCH3 R2 = - H Dereserpine

OCH3 OCH3

OCH3

R, -OOC-CH=CH-< )OCH3 R2 -OCH3 Rescinnamine

OCH3

CH30 -

CH30O-, N
,CH3

-CH2-CH Tetrabenazine
CH3

0

II. MAJOR TRANQUILLIZERS OF THE PHENOTHIAZINE GROUP

R1

Ri, R2
- CH2-CH2-CH2- N(CH3)2 - H Promazine *

- OCH3 Methopromazine
- OOC -CH3 Acepromazine
-Cl Chlorpromazine

CH3 -CF3 Triflorpromazine
- CH2-CH -CH2- N (CH3)2 (1ev) - OCH3 Levomeprazine (methotrimeprazine)

CH3
H /N

-CH2C -H Mepazine

CH3

-CH2-CH-C -S-CH3 TP 21

-CH2-C-CHCH2-N N-CH3 -Cl Prochlorperazine
- CF3 Triflorperazine

-CH2-CH2-CH2-N N-CH2-CH7OH -Cl Perphenazine (chlorpiprozine)

* Promazine has been included in this group as well as in Group IV (minor tranquillizers) because it is, in some
respects, intermediate in properties between the two groups.
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III. MAJOR TRANQUILLIZERS NOT BELONGING TO THE PHENOTHIAZINE SERIES

CH2-CH2-CH2- N(CH3)2
N

H2 H2

Imipramine

CH-CH2-CH2-N(CH3)2

a S 3 3 (trans)

Chlorprothixen

IV. SOME MINOR TRANQUILLIZERS AND CHEMICALLY RELATED COMPOUNDS

A. Phenothiazine derivatives

R

R = -CH2-CH2-CH2-N(CH3)2

CH3
R= -CH2-CH-N(CH3)2

CH3
R = -CH2-CH-N(C2Hs)2

Promazine (tranquilizer)

Promethazine (antihistaminic and anti-emetic)

Profenamine (ethopropazine) (anti-Parkinsonian agent)

B. Benzhydrol and benzhydryl derivatives

/DC-O-CH2-2-C-N(CH3)2

Diphenhydramine
(antihistaminic and anti-emetic)

(3K \c/N5N-CH3cl-K_)
Chlorcyclizine
(antihistaminic)

C4Hg-S-{(\ H

/C -S -CH2-CH2-N(CH3)2

Captodiame (captodiamine)
(tranquillizer)

C -N tN -CH2-CH2-0 -CH2-CH20H

Hydroxyzine
(tranquillizer)
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V. HYPNOSEDATIVES AND TRANQUILLOSEDATIVES *

CH3
H-C-OH

Ethyl alcohol (s)

CH
III
C

CH3- C -OH
C2H5

Methylpentynol (h)

CH
H. C

,C = CH- C - OH
CI I

C2H5

Ethchlorovynol (h)

Cl
CI

CH3-C-OH
CH3- C-OH

CH3

Phenaglycodol (s,r)

CH3

CH2-O-Q

CHOH

CH20H

Mephenesin (r)

CH2-O-CO -NH2

CH3-C -C3H7

CH2-O-CO -NH2

Meprobamate (s,r)

CH3 CO-NH
,",CH-CH C=O

CH3 CH2 NH2
CH
CH2

CH
III
C
C0 -CO -NH2

Ethinamate (h)

CA CO-NH
C C=O

CH CO-NH

CO-NHC2H5s,
C CH2

C2HA CO-CH
CH3

Pentobarbital (s,h) Methyprylon (h)

* Hypnotic, sedative, and relaxant effects (abolition of polysynaptic reflexes) are indicated by h, s and r respectively.

CH2-O-CO-NH2
CH3

Urethane (h)

CO-NH
C2H5-C C=O

I,
CH NH2
CH3

Ectylurea (s,h) Apronal (s,h)
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VI. SOME COMPOUNDS OTHER THAN PROPANE DERIVATIVES THAT ABOLISH
POLYSYNAPTIC REFLEXES *

N

2-Amino -NH2

2-Aminobenzothiazole

N

cs_[t -NH2

2-Amino-6-chlorobenzothiazole
(SKF 1216) (0?)

oxazolamin

I )H2

Zoxazolamine (S?.)

H2C'-' C'' - C I
I I

H2C,-N-CH3

2- (3',4 '-dichiorphenyl)-
3-methyl-metathiazanone-
1-dioxide

N
QoJ-NH

2- (J-Naphthylamino)-2-oxazoline (s, t ?)

VII. BENACTYZINE

J\ ,OH
- C-CO -CH2-CH2-N(C2HS)2

VIII. THE AMPHETAMINE GROUP

1H2 H
CH2-CH-CH3 H2CN I1

0 I~~~~~~~~~~~~~~~~~2Ii,
H2C" VC0

Amphetamine Phenmetra

K7Cs\NOH -ZX\,OH H

Azacyclonol Pipradrol

0 = no sedative or tranquilizing effect; s = sedative effect; t = tranquillizing effect.

I
CH3
H.C6H5

izine

) -CH3

Methylphenidate
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IX. THE MESCALINE-LSD GROUP

CH2-CH2-NH2

CH30-C -OCH3

OCH3
Mescaline

RI = -H I R2 --H
R, =-C2H5 I R2 =-H

\COH CH3

Kiio/NcOOC,7j

N-Methyl-3-piperidyl benzilate

N -R2

Lysergic acid amide (1/50 activity of LSD)
Lysergic acid dietkvlamide (lysergide, LSD)

R = - C2H , R2 =-CH3 Methyllysergic acid diethylamide (more active than LSD)
RI =- C2H5 , R2 = -OC -CH3 Acetyllysergic acid diethylamide (more active than LSD)

X. MONOAMINE OXIDASE INHIBITORS

CO-NH -NH20
Isoniazid

(no effect on monoamine oxidase)

NH-NH2
CHj- CH-CH3

P-Phenylisopropyl-
hydrazine

,CH3
CO-NH-NH-CH
I 'CH3

Iproniazid
(stronglinhibitor of monoamine oxidase)

CH2- CH-NH-NH2

0
Pheneizine

CO-NH-NH-CH2-CH2-CO-NH-CH2

0 0
Nialamide
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