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ABSTRACT

In this article, a table is presented in u.bicb the effects of the main
classes of psychotropic drugs upon the electrical activit-y of the brain
are summarized. In the text, a number of clinical and physiological
points are discussed which arise in tbis connection.

In trying to summarize some of the
electrophysiological effects of psychotropic
drugs we are faced with a number of dif-
ficulties which are due to the fact that
workers in this field have approached this
subject with different methods, concepts
and goals. The evaluation of their results,
mainly with respect to what is more impor-
tant and what less so, depends frequently
upon the mentioned factors. Also, there are
some contradictory results. At this time, it
is sometimes not yet possible to reconcile
divergent viewpoints even about the basic
mechanisms of action of some drugs. N ever-
theless, a certain amount of agreement
seems to emerge which allows an attempt of
the kind which we are about to undertake.

First a few words about the place and
about the methods of electrophysiology in
the study of psychotropic drugs. Both from
practical and theoretical viewpoints this field
can be viewed as "in between" biochemistry
on the one side and psychological studies on
the other. Within the field itself, several
levels of function can be distinguished
which also are investigated by different
methods. Electrical depth recordings and
microelectrode techniques do not lend them-
selves easily to the study of clinical questions;
instead one has to rely upon animal experi-
ments. Since, in the study of drugs, the
clinical questions provide the main incentive
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for research, it is not surpnsmg that the
greatest amount of information is available
in that area.

There is a fair amount of information
available about EEG changes during drug
therapy, (see for instance the recent summary
by Fink lU) , but it is not always easy to draw
conclusions from the data. Bente 4 has em-
phasized some of the difficulties inherent in
such work. Only a part of the phenomena
of importance can directly be transformed
into numbers for statistical analysis, while
others, of equal importance, depend upon
gestalt perception by the interpreter. EEGs
are commonly interpreted according to
whether they are within normal limits for
waking or sleep records; during drug treat-
ment this may become difficult; for the
assessment of drug effects in their own right
this is certainly only one question among
others.

Another method of investigation, the
study of specific brain responses to peripheral
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FUNCTIONAL LEVEL METHOD
INFORMATION CLINICAL STUDY

NOW AVAILABLE POSSIBLE

(Changes in Psychol. Function)
Clinical, Psychologicol,

Adequate
Psychophysiologica I Yes

Changes in Resting and Reactive iElectroencepha log ra m Fair Yes

Patterns of CNS as a Whole
Evoked Responses

{Surface} Little On Small Scale

Changes in Interaction Between
Depth Recordings Little Rarely

Various CNS Areas and Levels

Changes of Electrical Macropotentials Depth Recordings Some Rarely
in Circumscribed CNS Areas

Changes of Electrical Cell Phenomena Microelectrode Studies None No

(Changes in Cell Metabolism) Biochemical Some Indirectly

t
Drug Application

TABLE I
Place and methods of electrophysiology In the study of psychotropic drugs.

stimulation has, in psychiatric patients,
mainly been utilized by Shagass and his
co-workers. Because these responses are of
small amplitude they are added electronically
or photographically, and the resulting aver-
age response is evaluated. Shagass found,
mainly, that somata-sensory specific evoked
responses in patients with psychosis (para-
noid or depressed), are altered with respect
to two measures: First, the cortical cells
show a higher degree of refractoriness after
a response than normally (this is measured
by the effect of a second peripheral stimulus
which is given a short interval later); and
second, the amplitude of the responses is
greater than normal. 47 There is some evi-
dence that the cortical refractoriness, depends
upon the state of function of the reticular
formation. 41 Recently, Shagass has also in-
vestigated the effects of drugs upon these
measures. 47

I.

In the following, results O'f clinical electro-
encepbalogropbic investigations will be sum-
marized.

In correspondence with the literature,
Fink 19 and Bente 4 find that all antipsy-
chotic drugs produce changes in the EEG,
with single doses as well as during chronic
treatment, but the latter usually produces
stronger effects, Drugs of similar chemical
constitution may sometimes produce differ-
ent EEG effects, even if they are given in
comparable doses. Furthermore, it is the rule
that drug induced EEG changes are more
marked at the beginning of treatment than
later on, although the drug dosage remains
the same. The modifications of the effects
by changes in the patient's mental state are
discussed below.

Pbenoibiazines show in acute intravenous
application, according to Bente's 4 observa-
tions, a parallelism between the degree of
extrapyramidal effect and an early slowing
in the EEG. Anticholinergic substances are
liable to prevent such slowing effects (this
is also true for post-electro-shock slow
waves. 17, 52 During chronic medication with
phenothiazines and similar substances, such
as butyrophenones, there are three types of
changes: 4 First, phenomena similar to the
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ones seen in light sleep; in addition there
may be continuous or episodic disturbances
in the EEG, sometimes of a paroxysmal type,
which do not occur in the normal waking or
sleep EEG; and thirdly later on the basic
waking activity again becomes more stable
but at a slightly slower frequency than
before the treatment. These changes are
interpreted by Bente as an adaptive process
which leads over dissolution and lability of
brain function to reorganization at a less
active level.

Anti-depressive drugs, like imipramine or
amitriptyline, mostly do not produce a
slowing effect but at times a mild accelera-
tion. Mono amine oxidase inhibiting com-
pounds appear to produce few EEG changes,
though cortical slowing has been seen in
animals. 21

Bente interprets the changes observed
with phenothiazines in terms of a reduction
of activity to a lower level of vigilance, of
a regression of the state of wakefulness to a
more primitive level, which then makes a
re-integration of cortical processes possible. 4

Another hypothesis, though similar in
some respects, is the one proposed by \'Vikler53

and taken up by Fink; 18 it states that all
those drugs which produce slowing of the
EEG are associated with tranquilization, and
that those producing a flat or fast EEG
produce or increase anxiety and sometimes
hallucinations. However, both mentioned
hypotheses do not take into account the
effect of the minor tranquilizers and of the
barbiturates which also produce fast activity.

The effect of chlorpromazine upon the
hypothalmus and the autonomic nervous
system has been emphasized by Gellhorn. 22

More recently, Selbach 43 has offered a fairly
elaborate theory which explains the drug
effects in terms of a more general hypothesis
about regulatory events in the autonomic
nervous system. Psychotropic drugs are
thought to facilitate either ergotropic or
trophotropic reaction. (Selbach equates these
terms with adrenergic and cholinergic res-
pectively). Counter-regulations may inter-

fere with this effect; thus the epileptic
attacks occurring during treatment with
phenothiazines are interpreted by Selbach as
ergotropic counter-reactions during a drug-
induced trophotropic state. The clinical
electroencephalographic effects are inter-
preted in the same terms; thus, slow wave
production indicates "tropotrophy". This
approach has been criticized on the basis that
autonomic drugs in the stricter sense, such
as adrenalin or acetycholin, do not show
principally psychotropic effects. 1

The minor tranquilizers, namely mepro-
bamate and the benzo-diazepines, are dif-
ferent from all other therapeutically used
drugs, except barbiturates, in that they
produce an excess of fast activity of medium
voltage in the EEG. This finding, in adults
without medication, would be considered
abnormal, according to Gibbs and Gibbs. 24

These authors also draw attention to the
fact that this type of fast activity has a
functional significance quite different from
the low voltage fast activity seen in arousal
and similar situations; rather it resembles the
one seen in young children during drow-
siness; similar changes occur in adults after
head injury, particularly when a tendency
to convulsive seizures is present.

Hallucinogenic drugs, on the other hand,
produce the arousal-like low-voltage fast
record. 18, 53 The same is true for stimulant
drugs such as amphetamine. 28 On the other
hand, psychotogenic drugs which induce
confusion rather than hallucinations, such
as Sernyl, make the EEG background acti-
vity slower. 20

A number of attempts have been made
to determine the correlations between clinic-
al psychiatric findings and the electroen-
cephalographic data, as they are influenced
by such drugs.

Bente 4 has drawn attention to the fact
that the effect of drugs upon the EEG
depends upon the features of the pre-treat-
ment EEG" and that changes in the state of
the psychosis can modify the drug effect
upon the EEG. It can for instance be ob-
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served that the appearance of manic symp-
toms goes together with a decrease of
phenothiazine induced changes in the elec-
trical activity. For such reasons, Bentei:i has
recently started to investigate the natural
history of the EEG during the course of the
major psychoses.

Results of a similar nature were obtained
by Shagass et al, 47 who studied the effect
of some drugs upon evoked cerebral respon-
ses in man. They found that, in paranoid
and depressed patients, imipramine changes
the recovery function of the cortex, as well
as the amplitude of the evoked responses, in
direction toward the normal values. The
normalization did, however, take place in
correspondence with the clinical improve-
ments, and not with the drug application
itself.

The effects produced by intravenous in-
jection of thiopental sodium were found by
Goldman 26 to be different in schizophrenic
patients from those in other persons. The
schizophrenic subjects showed a more pro-
nounced development of activity in the beta
and theta frequency bands. These charac-
teristics became less, marked when the
patients improved during phenothiazine
treatment, and they reappeared when they
relapsed. Similar results were reported by
Mowrer et al. 37

Drugs which produce slow activity in the
EEG can potentiate the slow wave effect of
electrosboch. treatment. Thus, very abnor-
mal appearing tracings can sometimes be
produced. This can be misleading if the
treatment history is not available to the
electroencephalographer. For barbiturates,
this type of effect had been described by
Roth et al. 38

Another point of clinical importance is
that the changes which the drugs produce
in the EEG may outlast tbe chemical action.
For instance, in schizophrenics who have
well recovered, the drug-induced slowing
may persist after a patient has discontinued
the drug, and the EEG only resumes the

pretreatment characteristics when the patient
relapses. 4

In earlier work, Shagass utilized quanti-
tative aspects of the EEG effects produced
by barbiturates for diagnostic purposes in
the so-called sedation tbresbold, This again
emphasizes the fact that the drug effect
depends upon the clinical picture. Even
affective changes of shorter duration are
reflected in the test results. 46

Epileptiform focal and paroxysmal EEG
disturbances are usually seen in those patients
who already show slight disturbances in a
baseline EEG. ~, 51 With respect to the clin-
ical diagnosis Bente found that focal or
paroxysmal EEG disturbances during drug
treatment are seen mainly in cases which
are not clearcut schizophrenics or manic-
depressives, and which he therefore labels
"atypical psychoses"; these cases might, in
his opinion, represent a disorder which is
related to, but mostly not identical with,
epileptic illness. ±

So far as we know there are no clear
statements in the literature whether any
particular clinical or electroencephalographic
group of epileptics is more liable than others
to increase or decrease their seizure frequen-
cy, during treatment with psychotropic
drugs, and whether a difference in that
respect exists between the various antipsy-
chotic drugs. Chlorpromazine and other fast
acting phenothiazine compounds have suc-
cessfully been used to activate mild epilepti-
form disturbances for diagnostic purposes.
The minor tranquilizers are reported to have
an anti-epileptic effect. This is particularly
true for diazepam of which Feldman 15 states
that it is 10 times stronger in this respect
than chlordiazepoxide. Gibbs, 23 on the other
hand, does not believe that chlordiazepoxide
has a pronounced anti-epileptic effect.

From the table it can be seen that those
drugs which have some anti-epileptic prO'-
perties are also liable to cause epileptic sei-
zures upon withdrawal; they are furthermore
liable to produce fast activity in the EEG;
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and finally some of them have in common
that they are habit forming.

The question if a psychotropic drug pro-
duces abnormality in the EEG however goes
beyond the appearance of epileptiform
activity. The generalized slow or fast activ-
ity, which is much more frequently seen
than epileptiform disturbances, quite often
goes beyond the limits of normalcy as esta-
blished for subjects who are not on drugs.
On the other hand, there has been no clear
evidence that focal disturbances can be pro-
duced in EEGs which previously were
entirely within normal limits.

Bente 4 reports that a good therapeutic
effect with phenothiazines can almost always
be seen in those cases where a low voltage
fast EEG shows a marked increase of alpha
activity during the treatment. With those
drugs which produce this alpha activation
only after a longer latency period, the
therapeutic effect also takes longer. Also, if
the EEG does not change at all during treat-
ment, there is usually no therapeutic success.
Bente emphasizes that it is only the re-inte-
grative stage of the EEG changes which
matters, while the' degree of the earlier
occurring dissolution of the EEG is not
correlated with the therapeutic success. The
results of a discussion about this topic were
recently summarized by Jasper 30 who stated
that when the EEG is unreactive both to
sensory stimulation and to drugs, the be-
havioral prognosis seemed poor and the
likelihood of cerebral atrophy great.

Gibbs and Gibbs, 25 as well as Towler, 49

had the impression that with diazepam there
exists a correlation between time and dose
of administration on the one hand and EEG
changes on the other, but not between EEG
changes and clinical improvement.

II.

In aniJnal experiments, it has been possible
to gain some initial knowledge about changes
of the electrical activity in various brain
areas as they are produced by drugs. Though

much of the reported work will need further
elaboration and confirmation, and though
the application of results in animals to the
human organism is not always clearcut, the
following survey may be justified in the
attempt to gain some systematic knowledge
about drug induced changes in subcortical
electrical activity. It will also serve to illus-
trate the desirability of electrophysiological
experiments in conjunction with clinical
drug studies.

Some general principles will first be dis-
cussed. The hypothalamus and midbrain, in
animals as well as in man, are particularly
rich in serotonin and norepinephrin. The
hippocampus, as well, has a fairly high
content of serotonin (summary in Sourkes ") .
It can therefore be expected that any parti-
cular chemical process involving one of these
substances will predominantly occur in a
circumscribed anatomical structure, and
that the resultant electrophysiological effect
will likewise mainly concern the activity of
one anatomical structure, in addition to
possible effects upon all neurons and other
body cells. Similar principles seem to be of
importance with respect to other chemical
in teractions.

There is thus frequently a question if
changes in electrical activity in a particular
area are caused by local chemical events, or
rather by a change in the electrical input
to that area, which may be caused by chemi-
cal influences elsewhere.

The experimental results concerning the
limbic system are the most difficult ones to
assess. This is of course in line with the fact
that the function of these structures is not
well understood. However, it appears fairly
well accepted that important relations exist
between the hippocampus and the reticular
formation, mostly in the sense of antag-
onism. 27 In this connection it is of interest
that the effect of drugs, and perhaps of
E.C.T. (Pinelli, 1962; quoted from Arrigo
et al.~) upon these structures often is:in op-
posite directions. Amphetamine, which ex-
cites the reticular formation, is thought to
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have a secondary depressive effect upon the
hippocampus; 9 sometimes it seems that an
electrophysiological effect is followed by a
biochemical one: when pentobarbital sup-
presses the reticular formation, the hippo-
campus is released, but later on the hippo-
campus itself appears to be suppressed
chemically. 29 Another relation of this type
appears to exist between the septal area,
which may normally "dampen" hypothal-
amic activity, 32 and thus emotional output;
and the amygdala which on the contrary
seems to be concerned with motivational
reinforcement of behavior.r" Imipramine
has been seen by Schallek et al. 40 to depress
the septal area; this could account for its
mood-lifting effect (through release of the
hypothalamus). The mono amine oxidase
inhibitors iproniazid and isocarboxazid en-
hance the excitability of the amygdala and
may, according to the same authors, thus
produce a similar effect. Meprobamate and
chlordiazepoxide, on the other hand, which
have a tranquilizing effect, suppress both
the septal area. and the amygdala. A further
complication arises from the relation of these
structures to the hippocampus. For chlor-
diazepoxide, Himwich et al. 29 found that it
suppresses rhinencephalic structures; on
further investigation however it was found
that only amygdalo-hippocampal responses
were reduced whereas responses obtained in
one hippocampus by stimulating the contra-
lateral hippocampus were sometimes even
facilitated. Differential effects upon amyg-
dala and hippocampus seem also to be
produced by mono amine oxidase inhibi-
tors. 21, 40

It is a.pparent from the table that drugs
with similar therapeutic action in general
produce similar subcortical effects. Further-
more, those drugs which increase the excit-
ability of the hippocampus tend to aggravate
clinical epilepsy and those which decrease it
tend to have some anti-epileptic effects.

The following are results concerning
various chemical classes of d-ugs, Bradley and
coworkers have compared the effects of a

number of drugs in cats, either with chron-
ically implanted electrodes, sometimes un-
restrained for studies of behavior; or in
cerveau isole or encephale isole preparations;
stimulation of sense organs or of the brain
stem reticular formation were carried out,
and conduction within the brain stem and
from the thalamus to the cortex was
measured. 9, 10, 11 They compare central de-
pressants and central stimulants on the one
hand with drugs acting upon the cholinergic
portion of the autonomic nervous system on
the other hand. With barbiturates' the
arousal effect of peripheral as well as reti-
cular stimuli was suppressed in the EEG as
well as in behavior, with amphetamine it was
similarly increased. However, with physo-
stigmin only the EEG arousal was increased,
and with atropin it was decreased, while the
behavioral arousal was not changed. In the
first type of drug it appeared that the prim-
ary site of action was the reticular forma-
tion; with the autonomic drugs, the site of
action was less clear. Changes in the activity
of the hippocampus were also seen which in
the case of pentobarbitone and amphetamine
were thought to be secondary to the changes
in the reticular formation. Atropine and
physostigmin, on the other hand, apparently
produced changes in the hippocampus by
direct chemical means.

Furthermore these authors compared
chlorpromazine and LSD 25 and found that
the arousal produced by external stimulation
was decreased with chlorpromazine and in-
creased with lysergic acid, whereas the effect
of direct stimulation of the reticular forma-
tion did not change much. The conclusion
here was that the changes in both cases took
place in the afferents to the reticular form-
ation, chlorpromazine impairing and LSD
facilitating this input. It has however been
pointed out by Ursin 50 that the action of
these two drugs is not entirely opposite be-
cause chlorpromazine blocks the input to
the reticular formation also from telence-
phalic cortical areas and from the amygdala
whereas LSD does not facilitate the same

---------------- ---- ---- ------------
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type of input. Ursin instead suggests that
the action of LSD might start at the sense
organ and take place at every synapse, up
to the cortex. According to Bradley, chlor-
promazine lowers the significance of in-
coming stimuli, similarly to what happens
in habituation, whereas LSD overcomes ha-
bituation which may have taken place.

Reserpin. chemically appears to act mainly
by depleting the stores of serotonin in brain
cells. 14 In cats, the depletion of serotonin
stores by the action of reserpin lasts for more
than ten days and produces a sedation and
also an increased limbic system excitability
for the same period. Brodie sees the principal
overall effect of reserpin in an increased
parasympathetic output with sedation, re-
duced heart rate, lowered respiration, low
muscle tone and so forth, in contrast to the
action of chlorpromazine which he believes
acts directly upon the energy expenditure
by reducing it. 14 This latter effect seems to
be due to the effect of chlorpromazine upon
norepinephrine in the brain stem reticular
formation.

Mono amine oxidase inhibitors appear to
mainly raise the level of serotonin (but not
of noradrenalin) in brain tissue. Schallek 39

reported that under chronic pretreatment
with iproniazid the occurrence of electro-
graphic sleep patterns was prevented in cats
who underwent lesions in the pontine or
mesencephalic reticular formation. This
persistent activation pattern obviously ori-
ginated in some area rostral to the mesen-
cephalon. Pentobarbital however still induced
sleep in these animals because it acts on the
cortex and on the thalamus which had not
been affected by iproniazid. Schallek et a'l., 4

in unanaesthetized cats with chronically
implanted electrodes, found a suppression of
after-discharges in the hippocampus, after
stimulation of that structure, during the
effect of nialamid, another MAO-inhibitor.
The threshold for direct responses was,
however, not altered.

Anti-depressant drugs which are not mono
amine oxidase inhibitors and which are

chemically related to pbenoibiazines (imi-
pramine and amytriptyline, and to some
extent chlorprothixen) have been observed
to also increase the excitability of hippo-
campus and amygdala. 29 We found no
information if this increase is due to local
chemical factors or to change in the electrical
input. In addition, these drugs, like the
phenothiazines, block the electroencephalo-
graphic alerting response caused by peripheral
stimulation such as sound.

The minor tranquilizers, meprobamate and
the benzodiazepines, depress the function of
limbic system structures. 29, 40 Some of these
results have already been mentioned.
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