Experimental Studies of Convulsive and Drug Therapies #
in Psychiatry: Theoretic Implications

Max Fink M.D,, Fobert L. Kahn, Ph,D. and Martin A, Green M.D,

In studies of convulsive, psychopharmacologic and insulin coma therapies,
evidence for a neurophysiologic-adaptive hypothesis of the mode of action of
these therapies has accumulated, This hypothesis ascribes the efficacy of
each therapy in the treatment of psychoses to their ability to induce a
persistent alteration in cerebral function, which provides the milieu for a
change in adaptation of the subject to his enviromment., In these studies,
analyses of changes in EEG have been used as indices of altered brain function,

In comvulsive therapy, the shift in EEG frequencies to the delta range

has been directly related to the behavioral change (A.M,A, Arch, Neurol, and
Psychiat. 78: 516, 1957). A similar relationship has been observed to insulin

coma (J, Hillside Hosp. s 13k, 1955). Various psychopharmacologic agents can
be classified according to their EEG effects: (J, Hillside Hosp. 6: 197, 1957):

(a) induce a shift to delta frequencies (chlorpromazine, promazine, perphenazine,
and high dose reserpine); (b) induce a shift to fast frequencies, with ine
creased synchronization (meprobamate, barbiturates); and (e¢) desynchronize
frequencies (diethazine, benactyzine and mepazine),

From these analyses, a shift in EBG frequencies to delta range and ine
ecreased synchronization are suggested as the neurophysiologic concomitants
of tranquilization and sedation. The neurophysiologic-adaptive hypothesis has
application to the management of physiodynamic therapies, screening of psycho=
pharmacologic agents and as a frame of reference for the study of behavior and

neurophysiology.

*  From the Department of Experimental Psychiatry, Hillside Hospital, Glen Oaks,
LCI.’ n.!‘

N.Y, Neurological Society, March 11, 1958,
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Effect of Anti-Cholinergic Agent, Diethazine, on EEG and Behavior:
Significance for Theory of Convulsive Therapy

Recent investigations of convulsive therapy have emphasized EEG delta
activity as the neurophysiologic basis for the induced behavioral change
(1,2,3,L4,5). Little study, however, has been given to the biochemical
effects of this therapy, except in the course of investigations of head
injuries.

In investigations of head trauma significance has been ascribed to
changes in the acetylcholine-cholinesterase systems both for the behavioral
and the electroencephalographic effects. An increase in free acetylcholine
(6) and an alteration of the ratio of cholinesterases (7) in the spinal
fluid have been positively correlated with the degree of EEG abnormality
and degree of neurologic deficit. The EEG patterns were "blocked," and some
improvement in clinical status was reported following the administration of
atropine (7,8). In convulsive therapy, atropine and scopolamine were
observed to bleck the appearance of delta activity, (9) although the
systemic effects of the large doses of these agents were marked.

Recent reports (10) noted that EEG and behavioral effects similar to

atropine were achieved in patients with head trauma by intravenous diethazine -

a phenothiazine compound with anticholinergic properties - with minimal
systemic effects, In our continuing studies of the role of delta activity
in electroshock (3), the effect of diethazine was studied. It is the purpose
of this report to describe the effects of diethazine on EEG patterns and on
behavior of petients during electroconvulsive therapy; and to relate these
observations to the present neurophysiologic-adaptive hypothesis of the mode

of action of convulsive therapy.
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SUBJECTS AND METHODS:

Forty psychiatric patients, at’various stages of electroshock
therapy in an openeward, voluntary psychiatric hospital have been studied.
All observations have been made in acute experiments in the EEG laboratory,
Following a routine EEG recording, diethazine was administered intravenously
at the rate of 25 mgm per minute, for a total of 175 to 250 mgm, depending
upon the behavioral effect. Dosage varied fram 2.8 to 4.0 mgm per kilogram
body weight.

Diethazine is a soluble phenothiazine compound with pharmacologic
properties similar to atropine. In experimental animals, diethazine blocks
the bradycardia, bronchospasm, salivation, fasciculation and seizures
induced by acetylcholine, di-isopropyl fluorophosphate and pilocarpine. It

suppresses salivation, and induces mydriasis and hypotension (11).

EEG Analyses:

Recording was continuous for the duration of the observation period,
except during interview periods. Needle electrodes, and an 8 channel
Mederaft instrument were used. All records were analyzed for the degree of
delta activity (3); the per cent time and principal alpha frequency; and
the relative amount of fast activity. The alpha and delta activity were
measured in anterior temporal-vertex, and parietal-ear lobe lead combinations.

Behavior Measures:

Prior to drug administration an unstructured psychiatric historical
interview and a structured questionnaire period (12) were tape recorded.
Following drug administration, periods of recorded interview were alternated
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with EEG recording periods, until the EEG had again manifested the pre-
injection pattern on visual mspectiont

Two estimates of behavioral effects were used: clinical descriptions
by the participants - subject, intervigwer and technician = of the changes
¢oecurring during the drug period, and language analyses of the recorded intere
views., Changes in language were evaluated by a syntactic analysis (12)
and an analysis of the variability in verbal interaction in the dyad (13,14)."
Both measures have been shown to be sensitive to alterations in behavior

induced by changes in the central nervous system.

# Detailed analyses of these observations will be reported separately by
Drs. J. Jaffe and R, L, Kahn,



OBSERVATIONS:

(a) Clinicals
Within two to five minutes of the start of the injection,
svbjects manifested spontaneous coughing followed by a dryness of the mouth
and a thickness of speech. They reported a feeling of lassitude, and a
heaviness and weakness of extremities which was soon succeeded by increased
restlessness and difficulty in maintaining eyelid closure.

Reports of visual and haptic illusory sensations, feelings of unreality
and distance, and delusional thoughts about their illness, the setting of
the test procedures or our identity were voiced spontaneously in eighteen
subjects in the period between 15 and 60 minutes after drug administration,
In three instances, increasing agitation and panic led to a cessation of the
recording. In two subjects withdrawal and negativism was the prominent
behavioral response. Such patterns of behavior were transient and had
disappeared in 1% = 4 hours in all subjects.

(b) EEG Patterns:

Alteration in the EEG patterns was concurrent with the behavioral
effects, In all records, changes occurred during drug administration and were
sustained, with gradual diminution and restitution of the pre-injection
patterns, in one to five hours. The initial response was a decrease in
voltage and desynchronization of all frequencies. There was a decrease in
prominence of prevailing rhythms. In patients without delta activity
(pre-electroshock), desynchronization and voltage decrease was occasionally
accompanied by low voltage 5-7 cps activity, symmetric and prominent in frontal
and anterior temporal leads (Figure 1, 2). The alpha frequency was not altered.
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The build-up in voltage and appearance of slower frequencies with hyper-
ventilation was blocked.

In patients with varying degrees of high voltage delta activity there
wa3 a prominent decrease in wvoltage and desynchronization of the record.
Both rendom and burst delta activity diminished or disappeared, and irregular
low voltage alpha and beta frequencies became prominent (Fig. 3, 4). The
hyperventilation response was no longer apparent.

(c) Language Patterns:

In previous studies, an intimate relationship between changes

in syntactic language patterns and the behavioral response in electroshock
had been reported (12), With alteration in brain function, increased use
of third person, verbal denial, qualification, displacement and cliches
became prominent, These effects could be enhanced by the administration
of intravenous amobarbital (1k).

In the subjects in the present study, syntactic analyses demonstrated
a reversal of the patterns noted in electroshock, Use of third person,
qualification and displacement decreased., Explicit verbal denial was modified
and replaced by minimization and displacement, or by a reiteration of
complaints of illness. In dyadic analyses, the verbal interaction was
characterized by a greater diversity of vocabulary and less variability in
the diversity scores for 25 word units.

The qualitative nature of these changes in the language patterns
is opposite to that of amobarbital and electroshock. The duration of language

changes was concurrent with the changes in the electroencephalogram,



DISCUSSION:

These observations confirm the report of Jenkner and Lechner of
the effects of diethazine in "normal" subjects (10). Diethazine also alters
electroshock induced delta activity in a fashion similar to atropine and
s .cpolamine, as described by Ulett and Johnson (9), with minimal unpleasant
symptoms. The effects of intravenous diethazine are immediate, both on the
EEG and behavior, and thus provides a useful experimental agent with "anti-
cholinergic" properties. Two aspects of these experimental observations
warrant discussion: the role of acetylcholine-cholinesterase in the electro-
convulsive therapy progress, and the significance of diethazine "alerting"
for concepts of hallucinogenic activity.

1. Biochemical Basis of the Convulsive Therapy Process:

While there has been considerable study of the psychologic and
neurophysiologic aspects of convulsive therapy, little infomation concerning
biochemical processes is available. The studies of biochemical changes
following head trauma and spontaneous seizures provide some analogic data.
Bornstein (6), in a classical experimental study of head trauma in cats,
demonstrated that within a few minutes after trauma, free acetylcholine
appeared in the spinal fluid and persisted for periods up to U8 hours. He
further demonstrated a positive relation between the severity of head trauma
and the quantity of free acetylcholine, degree of electroencephalographic
alteration and the severity of the behavioral changes. The electroencephalo-
graphic records initially showed short periods of high voltage fast activity,
a transient period of flattening of electrical activity, followed by prolonged
periods of high amplitude sharp waves in the delta frequencies. Concomitantly,
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alteration in consciousness, changes in reflexes and post-traumatic
seizures were most prominent with highest concentratiorsof free acetylcholine
and greatest degree of EEG change.

Tower and McEachern (7) confirmed these observations in clinical
studies in man. In 112 neurologic patients, free acetylcholine was found
i1 the cerebrospinal fluid only in patients following head trauma and recent
grand mal seizures; and the level of free acetylcholine varied directly with
the degree of cerebral damage. In addition, these authors assayed the cholin-
esterase activity of the spinal fluid, (7, 16). In patients following head
trauma, they noted a sharp rise in non-specific cholinesterase (benzoylcholine-
splitting) and a drop in the specific cholinesterase (mecholyl-splitting)
activity of the spinal fluid., No such inversion was noted in fluids containing
free acetylcholine following spontaneous seizures. Electroencephalograms
were taken at varying intervals following trauma, and demonstrated a direct
correlation of the extent of EEG abnormality and the appearance of free
acetylcholine in the spinal fluid,

Tower and McEachern also reported observations in six patients
receiving electroconvulsive therapy. In patients after 3-7 induced convulsions,
they noted free acetylcholine in the spinal fluid in two, and an increase in
non-specific cholinesterase with reversal of the cholinesterase ratio in five
of the six. They concluded that the spinal fluid changes in electroshock are

more like those of craniocerebral trauma than those found in epilepsy. *

# Regarding the one patient of the six who failed to show either free acetyl-
choline or a reversal of the cholinesterase ratio, they noted: "It is
interesting that this patient was the only one of the six to show no
response to treatment."
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More recently, Sachs (17) confirmed the reports of free acetylcholine in
the spinal fluid after head trauma and after electroshock.

In his studies, Bornstein (6) administered 0,5-1.0 mg/kg atropine
and demonstrated a reversal or a blocking of the EEG effects, and a
modification of the behavioral and neurologic signs. Atropine also
biocked the EEG and clinical signs induced by intracisternal acetylcholine,

Ward (8) applied these observations to the treatment of human subjects
with varying degrees of head trauma. Subcutaneous doses of 0.1 mg/kg of
atropine induced both clinical improvement and reversal of EEG effects.
These observations were recently confimed by Sachs (17), Ruge (18) and
Hughes (19). Based on these observations, Ulett and Johnson (9) noted the
effect of atropine and scopolamine in blocking the EEG changes of electro=-
shock therapy, without noting the effect on clinical behavior. Concurrently,
Jenkner and Lechner (10) reported effects similar to those of Ward, in
studies of diethazine in cases of head injury.

Another group of investigations complete the available data. Studies
of anticholinesterases, as DFP (di-isopropyl fluorophosphate) and TEPP
(tetraethyl~pyrophosphate), which block the enzymatic breakdown of acetyl-
choline, demonstrate the development of high amplitude rapid frequency
EEG patterns similar to status epilepticus as well as lesser degrees of
abnormality as noted in post-traumatic states (20, 21, 22, 23). In these
studies, atropine blocked both the electroencephalographic and the clinical
toxic effects,

Thus, both from experimental and clinical studies of craniocerebral
trauma we may assume that (a) the acetylcholine activity of the spinal
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fluid increases; (b) pseudo-cholinesterase activity increases with a
reversal of the ratio of cholinesterases; (c¢) EEG hypersynchrony and
slowing parallel these biochemical alterations; and (d) anticholinergic
agents may block both the electroencephalographic and the clinical effects.
From the data avaiilable it is probable that the biochemical basis of
convulsive therapy is similar to that of craniocerebral trauma., Convulsive
therapy results in free acetylcholine in the spinal fluid (7, 17) and a
reversal of cholinesterase ratios (7, 16). The electroencephalographic
effects of repeated induced convulsions is the development of high voltage,
symmetric slow wave activity, occasionally with spike activity (3, 2L, 25),
which is similar to that observed in severe head trauma (26, 27). In
previous studies we have reported the relationship between the degree of
induced slow wave activity and behavioral response (3). The studies
reported here and that of Ulett and Johnson (9) demonstrate a reversal
of the EEG and the behavioral effects of convulsive therapy by anti-
cholinergic compounds. In each characteristic, convulsive therapy is thus
similar to cerebral trauma. While the acetylcholine=-cholinesterase system
is highlighted by these studies, other enzyme systems may also be altered
(17). These studies also suggest that convulsive therapy provides an
excellent experimental method for studies of craniocerebral trauma,
Studies of the brain stem activating system by Jasper and Drooglever=-
Fortuyn (28) and Lindsley et al. (29) had laid the foundation for the
prevailing conclusion that symmetric EEG slow wave activity has its origin
in mesencephalic structures, and that these structures intimately affect
the states of "alerting" and "drowsiness.," More recently, Rinaldi and
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Himwich (30, 31) have related the site of action of atropine and cholinergic
drugs to this mesodiencephalic activating system. It is also probable that
these structures may be sellectively affected by the convulsive therapy
process, and that both the clinical and electrographic effects may be
intimately related to changes in this system,

2, Diethazine "Alerting" and Hallucinogenic Activity:

The behavioral effects of diethazine provide infomation regarding
another aspect of the convulsive therapy process s In patients without
prior convulsive therapy, illusory phenomena and feelings of unreality were
observed. These were similar to the hallucinogenic effects of LSD (32)
and mescaline (33). Again analogic data about the clinical and EEG effects
of these agents may provide some information about convulsive therapy.

In studies of mescaline, Wikler (3L4) noted that the EEG demonstrated
either no change, intermittent or continuous low voltage fast activity or
increase in alpha frequency. Denber and Merlis (35) noted a similar
acceleration of alpha frequency, decrease in per cent time alpha including
its disappearance, and non-specific random beta activity. Delta activity
did not occur. In patients with delta activity induced by electroshock,
Merlis and Hunter (38) noted that intravenous mescaline markedly diminished
the amplitude and per cent time delta activity with an increase in per
cent time alpha activity.

The effects of LSD on EEG are similar. Gastaut et al. (36) noted
an acceleration of alpha frequency of 0.5 to 4.0 cps with an accentuation
of beta rhythms. Rinkel et al. (37) confirmed this observation and noted,
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in addition, a reduced responsivity to hyperventilation.*

In summarizing his studies Wikler (3l4) concluded that " « « &
regardless of the drug administered, shifts in the pattern of electro-
encephalogram in the direction of desynchronization occurred in association
with anxiety, hallucinations, fantasies, illusions or tremors, and in the
direction of synchronization with euphoria, relaxation or drowsiness."
This generalization provides a meaningful construct in which these agents
may be assessed, Agents that evoke EEG desynchronization tend to be
hallucinogenic, and mescaline and LSD are clear examples, Agents that
synchronize frequencies, such as barbiturate and meprobamate in the beta
frequency range, and chlorpromazine, promazine and perrhenaine in the delta
frequency range (39) tend to be sedatives, euphoriants and relaxants.

The observations cn diethazine reported here are consistent with
this hypothesis. In patients without delta activity, the EEG demonstrated
desynchronization of frequencies, and this was associated with clinical
illusory phenomena, In patients with delta activity desynchronisation
occurred, and alerting and reversal of the speech patterns induced by
electroshock were observed.

Electroconvulsive therapy may also be understood in this framework.

We have previously noted a direct relationship between clinical evaluations

# Studies are now in progress of the effects of LSD, Win-2299, benactyzine
and other anticholinergic compounds on post-convulsive EEG delta activity.
Initial experiments w-.:h intravenous LSD (50-100 gamma) demonstrated
marked diminution in per cent time and amplitude of delta activity.
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of improvement and the degree of EEG slowing induced by electroshock (3).
Under these conditions, sedation and eﬁphoria are most prominent and
hallucinatory activity diminished. In patients in whom hypersynchrony is
not induced, behavioral change is limited and 'improvement' does not occur
(L0).

Previously we have concluded that the mode of action of convulsive
therapies is based on the induction of a state of altered cerebral function,
in which changes in adaptive interpersonal behavior occur, and are inter-
preted as timprovement' (3, L, 39). The present studies amplify two
aspects of this neurophysiologic-adaptive hypothesis. The biochemical
substrate of the behavioral change is reflected by an alteration in the
acetylcholine-cholinesterase relationships of the cemntral nervous system.
It is also probable that EEG hypersynchrony provides the neurophysiologic
basis of the milieu change which is clinically manifest as sedation and
euphoria and is evaluated as ‘improvement,!

The neurophysiologic-adaptive hypothesis of conwvulsive therapy
has provided a meaningful basis for studies of other physiodynamic
therapies (39). In this study, it has been possible to amplify our

understanding of neurophysiologic aspects of hallucinogens as well,



SUMMARY :

1., The effect of an anticholinergic agent, diethazine, on the
EEG, behavior and language patterns was observed in 4O psychiatric patients,
at various stages in the course of electroconvulsive treatment,

(a) Behavior: Increased restlessness and agitation, haptic and
visual illusory sensations, and delusional thoughts about their illness
or examiner's identity were observed.

(b) EBG: Alteration in EEG was concurrent with behavioral changes.
There was a decrease in voltage and desynchronization of all frequencies.
In patients with delta activity, the per cent time and voltage of delta
activity decreased.

(c) language: Syntactic patterns described for convulsive
therapy were reversed., Use of third person, qualification and displacement
decreased, In dyadic analyses, there was a decrease in the coefficient
of variaticn.

2. These observations are discussed in the framework of the neuro-
physiologic-adaptive hypothesis of the action of convulsive therapy; and
it is concluded that:

(a) the biochemical basis for convulsive therapy is similar to
that of craniocerebral trauma;

(b) changes in acetylcholine-cholinesterase metabolism are
intimately related to the behavioral effects; and

(¢) EEG desynchronization may be a physiologic concomitant
of hallucinogenic activity; and EEG hypersynchrony associated with euphoria

and sedation.
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Effect of Anti<Cholinergic Compound, Diethazine, on EEG and
mm Significance for Theory of Conwulsive Therapy

Reeent imvestigations of convulsive therapy have emphasized EEG
delta activity as the neurophysiologic basis for the Imduced behavioral
change ( ).

Previous investigations of animals and man subjected to head tfauma
had ascribed significance to chunkge in the acetylcholine-cholinesterase
systems for the behavioral and electroencephalographic changes. An increase
in free acetylcholine ( ) and an alteration of the ratio of cholinesterase
( )in spinal fluld had been positively correlated with the degree of EiG
abnormality and degree of neurologic deficit following head trauma. The
EEG patterns were "blocked," and some improvement in clinical status was
reported following the administration of atropine (B. Ward). Ulett and
Johnson ( ) reported that atropine and scopolamine blocked the appearance
of delta activity following convulsive therapy. From the limited number of
cases, the relation between the degree of delta blocking and behavioral
change was not assessed., Both in these studies, and those of Ward and

Bornstein, the systemic effects of the large doses of atropine were marked,
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In 1955, Jenkner and Lechner ( ) reported that EEG and behavioral
effects similar to atropine were achieved by diethazine administered in
patients with head trauma, From their report in these and in normal
subjects, the systemic effects of diethazine appeared minimal.,

Because of our interest in the role of delta activity in electroshock
(), an investigation of the effect of diethazine, both in EEG and behavior,
in patients undergoing convulsive therapy was undertaken. It is the purpose
of this report to describe the effects of diethazine on the EEG and on
behavior of patients during electroshock therapys and to relate these
observations to the present neurophysiologlic adaptive hypothesis of the
node of action of conwlsive therapy.
Subjects and lMethods:

Psychiatric patients, at various stages of electroshock therapy
in an open-ward, voluntary psychiatric hospital have been studied. All
onservations have been made in the EEG laboratory. Following a routine
EEG recording, diethazine was adninistered intravenously at the rate of

25 mgm per minute, for a total of 175 to 200 mgm, depending upon the
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behavioral effect. According to body weight, dosage varied fron 2.8
ng/kg to L0 mg/kg.

Diethazine is a soluble phenothiazine compound with Wc
properties similar to atropine. In experimental animals, diethazine blocks

the bradycardia, bronchospasm, salivation, fasuculation and seizures ine

duced by acetylcholine, di-isopropylfluorophosphate (DFP and placarpine.

It suppresses salivation, and induces mydriasis and hypotension (Heymans
et al, 19k9).
EE0 anslysss:

All records were lna].yud for the degree of delta activity ( )3
the per cent time and principal alpha frequency; and the relative amount
of fast activity., Drug effects were classified as synchronizing (8) or
desynchronizing (D) according to the methods described by Wikler ( ).

In all recordings, both alpha and delta activity was measured in anterior-
temporal vertex, and parietal ear lobe lead combinations,

Behavior Measures:

Prior to drug administration an unstructured psychiatric historical
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interview and a structured questionnaire period were tape recorded.
Following drug administration, periods of tape recorded interview were
alternated with EEG recording periods, until the EEC had again manifested
the pre-injection pattern on visual inspection.

Two estimates of behaviemi effects were used: clinical descriptions
by the participants,-subject, interviewer and technician « of the changes
occurring during drug period, and language analyses of the recorded intere
views, Changes in language were evaluated by a syntactic analysis (K. & F)

and a dyadic analysis of the coefficient of variability (Jaffe).”

Observationss
(a) Clinical:

Within two to five mimutes of the start of the injection,
cubjects manifested sportaneous eoughing followed by a dryness of the mouth
and a thickness of speech., They reported a feeling of hasitnde, and a
heaviness and weakness of extremities which was soon succeeded by increased

restlessness and difficulty in maintaining eyelid closure.

# Detailed analyses of these observations will appear separately.
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Reports of visual and haptie illusory sensations, feelings of
unreality and distance, and delusional thoughts about their illness,
the setting of the test procedures or our identity were voiced spontan=
eously in subjects in the rest period between 15 and 30 minutes
after drug adninistration. In three instances, increasing agitation and
panic led to a cessation of the recording. In one instance, withdrawal
and negativism was the prominent behavioral response., Such patterns of
behavior were transient and had disappeared in 1} - L hours in all
subjects,

(b) EEG Patterns:

Alteration in the EEG patterns was concurrent with the behavioral
etrgcha.. In all records, changes occurred during drug administration and
were sustained,with gradual diminution and restitution of the pre-injection
paiv;tams in one to five hours, The initisl response was a decrease in
voltage and &Wﬁm of all frequencies, There was a decrease
in prmimme‘ ‘of prevailing rhythms. In patients without delta activity

Jpre electrosbock), desynchronization and voltage decrease was occasionally



accampanied by lovw voltage 5«7 eps activity, symmetric and prominent in
frontal and anterior temporal leads, (Figure 1, 2)., The basic alpha
freqency was not altered. The build-up in voltage and appearance of
glower frequencies with hyperventilation was blocked,.

In patients with varying degrees of high voltage delta activity
there was a prominent decrease in veoltagej and desynchronization of the
record, Both random and burst delta sctivity disappeared and irregular,
low voltage alpha and beta frequencies became prominent (Fige 3, L).

(e) 1 Patterns:

In previous studies, an intimate relationship between changes
in syntattic language patterns and the behavioral response in electroshock
had been reported ( ). With alteration in brain function, increased use
of third person, verbal denial, qualification, displacement and cliches
becane prominent, These effects could be enhanced by the adninistration
of intravenous amobarbital ( ).

In the subjects in the present study, syntactic analyses demonstrated

a yeverssl of the patterns noted in electroshock. Use of third person,
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qualification an< displacement decreased, Verbal denial was modified
and replaced by minimization and displwment, or by a reiteration of
complaints.of illness. The qualitative nature of the language changes
was epposite to that of amobarbital. The period of change and language
was concurrent with the changes in the electroencephalogram.
Discussion:

These observations confirm the report of Jenkner and .Leohnor of
the effects of diethazine in "normal™ subjects ( ). We have also noted
that diethazine alters electroshock induced delta activity in a fashion
similar to atropine and scopolamine, as described by Ulett and Johnson
( ) without the attendant unpleasant side effects. The effects of
di.e"ehmine/mdiato, both on the EFG and behavior, and thus provides
a useful experimental agent with "anti-cholinergic" properties. Two
aspects warrant discussion. The role }of acetylcholine-cholinesterase
in the electroconvulsive therapy process, and the significance of diethazine

"alerting” for concepts of hallucinogenic activity,

1. Biochemical Bases of the Comvulsive Therapy Frocess:

While there has been considereble study of the psychologic and
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neurophysiologic aspects of convulsive therapy, little information conecerning
biochemical processes is available, Studies of biochemical changes following
head trauma and spontaneous seizures provide some analogic data. Bornstein
( ), in a elassical experimental study of head trauma in cats, demonstrated
that within a few mimites after trauma, there appeared in the spinal fluid,
free acetylcholine which persisted for periods up to L8 hours, Bomstein
further demonstrated positive relations between the severity of #ee head
trauma and the quantity of free acetylcholine, degreec of electroencephalographic
changes and the severity of the behavioral changes., The electroencephalographic
records initially showed short periods of high voltage fast activity, and a
transient period of flattening of electrical activity followed by prolonged
periods of high amplitude sharp waves in the delta frequencies, Concomitantly,
alteration in consciousness, changes in reflexes and post-traumatic seizures
were most prominent with highest concentration of free acetylcholine and
greatest degrees of EEG change.

Tower and McBachern ( ) confimed fese observations in clinical

112

studies in man, In 3@3-peurologic patients, free acetylcholine was found in

cerebrospinal
the cewebbespinad fluid only in patients following head trauma and recent
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grand mal seizures; and that the level of free aoet.ylehonm varied
directly with the degree of mmbﬂ damage. In addition, these authors
assayed the cholinesterase activity of the spinal fluid. In patients
following head trauma, they noted a shu-p rise in nonespecific cholinesterase
(ﬁnglylohonm—aplitting) and a drop in the specific cholinesterase (mecholyl-
spﬁitti#g) activity of the spinal fluid, No such inversion was noted in fluids
containing free acetylcholine following spontanecus seizures, In most of
these subjects, electroencephalograms were taken at varying intervals follow-
ing trauma, and demonstrated a direct correlation of the extent of EEG
abnoymality and the appearance of free acetylcholine in the spinal fluid,

In their reports, Tower and McEachern report on six patients ree
ceiving electroconvulsive therapy. Studying the patients after 3«7 induced
comvuleions, they reported free acetylcholine in the spinal fluid in two,
and an increase in non-specific cholinesterase with reversal of the choline
esterase ratio in five of the six patients, They concluded that the spinal

are

fluid changes in electroshock amé more like those of crajnocerebral trauma

than those found in epilepsy.” More recently, Sachs ( ) cofifimmed the

Megatding Tic ons ratient of the six who Tailed To show cliher Iree acetyldholine
or a reversal of the cholinesterase ratio, they note: "It is interesting that
this patient was the only one of the six to show no response to treatment."
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reports of free acetylcholine in the spinal fluid after head traumas, but
alsc after electroshock and brain tumor surgery.

In his studies, Bornstein ( ) adninistered 0.5-1.0 mg/kg
atropine and demonstrated a reversal or a blocking of the EEG effects,
and a modification of the behavioral and neurclogic signs. Atropine also
blocked the EEG and clinical signs induced by intracysternal acetylcholine,

Ward ( ) applied these observations to the treatment of human
closed head injuries. In patients with varying degrees of trauma, sube
cutaneous doses of 0.1 pgikg of atropinej both clinical improvement and
reversal of EEG effects were reported. These observations were confirmed
recently by Ruge ( ), Sachs ( ) and Hughes ( ). Based on these
observations, Ulett and Johnson ( )ncted the effect of both atropine and
scopolamine in blocking the EEG changes of electroshock therapy, without
noting the effect on clinical behavior. Concurrently, Jenkner and Lechner
( ) reported effects similar to those of Ward, in studies of diethazine
in cases o/ head injurye.

Another group of investigation complete the ani!@ble data. Various

studies ol anticholinesterases, as Dwv(ﬁgi«immwwwpbnm)md
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mp (tetraethyl pyraphosphate). s which bloek
the ensymatic breakdown of acetylcholine, demonstrate the development
of high amplitude rapid frequency waves similar to status epilepticus
as well as lesser degrees of abnormality noted in post-traumatic states
( 5 s )¢ In these studies, atropine blocked both the electro-
encephalographic and elinical toxic ntfects.

Thus, both in experimental and elinical studies of crenccsrebral
we may assume that (a) the acetylcholine activity of the spinal fluid
increases, (b) pseudo-cholinesterase activity increases with a reversal
f the rates of cholinesterasesj (¢) EEG changes parallel these bs.oehqaical
changesy and (d) that anticholinergic compounds may block both the electro-
encephalographic and the clinical effects., From the data available it is
probble that the biochemicsl basis of the convulsive therapy process is
similar to that of ema#m cranocerebral trauma. Convulsive therapy results
in free acetylcholine in the spinal fluid ( , ) and a reversal of chol=
inesterase ratios ( )+ The electroencephalographic effects of
repeated induced convulsions is the development of high voltage, symmetric

slow wave activity, occasionally with spike activity ( , )s
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which is similar to severe head trawma ( , s )+ In previous
studies we have reported the relationship between the degree of induced slow
wave aetivity and behavioral response (1). The studies reported here, now
demonstrate a yeversal of the EEG and the behavioral effects of convulsive
therapy by anticholinergic compounds. In each characteristic, convulsive
ﬁnnpyinm:lmnrﬁocmnimbnltnm.mthem
cholinesterase system is m@m by these studies, other enzyme systems
may also be altered ( )« These studies suggest that convulsive therapy
provides an excellent experimental method for studies of craniocerebral
trauna.

Recent studies of the brain stem activating system by Jasper and
Drooglever-Fortwyn ( ) and Lindsley et al, ( ) had laid the foundation
for the prevailing conclusion t!lut symetric EEG slow wave activity has
its origin in the mesencephalio structures, and that these structures are
mtru}omtea of "alerting" and 'Mneas! More recently, Rinaldi
and Himich ( , ) have related the site of action of atropine and
cholinergic drugs to this mesodiencephalic activating system. It is alse

“
probable, therefore, that these structures may be selectively affected
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by the convulsive therapy process, and that both the ¢linical and electro-

graphic effects may be intimately related to changes in this system.
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The behavioral effects of diethazine provide information

regarding another aspect of the convulsive therapy process. In the
patients without priob convulsive therapy or head trauma, illusory
Wmmdtuﬁngaofmliwmmm.m»mm
to the hallucinogemic effects of 1SD ( ), mesealine ( ), Win 2299 (
and harmine ( ). Again analogic data about the clinical and EEG
effects of these agents may provide some information about comvulsive
therapy.

In studies of mescaline, Wikler ( ) noted that the FEG
demonstrated either no change, intermittent or contimuous low voltage
fast activity or inerease in alpha frequency, Dember and Merlis ( )
noted a similar accelepation of alpha frequency, decrease in perceht Hime
alpha including its disappearance, and nonwspecific random beta activity.
Delta activity did not occur,

Reports of 1SD effects are similar, GCastaut et al. ( ) noted
an acceleration of alpha freguency of 0.5 t0 L0 eps with an accentuation
pf beta riythms, Rimkel et al ( ) confimmed this report, and noted,

in addition, a reduced respomsivity to hyperventilation.

)s
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In patients with delta activity indueed by electroshock, Merlis
and Hunter ( ) noted that intravenous mescaline markedly diminished the
amplitude and perecent time delia activity ﬁthmimminmw
alpha activity.

In sumarizing his studies Wikler ( ) concluded that ", . .
regardless of the drug administered, shifts in the pattern of the electroen=
cephalogram in the direction mmmooxest of desynchronization occurred in
association with anxiety, hallusinations, fartasies, illusions or tremors, mnd
in the direction of synchronization whth euphoria, relazation or drowsiness.”
This generalization provides a meaningful comstruct in which these agents
may be assessed, Agents that tend toward desymeronization are hallucinogeniCe «
mamm,mmmmamm.wmtm“
synchronize frequemcies such as barbiturate and meprobamate in the beta
ranges, and chlorpromazine, promaezine and trilafon in the delta ranges are
sedatives, suphoriants and relaxants,

*he observations on diethazine reported here are also consistent
with this hypothesis, In patients without delta activity, the EEG demonstrated
desynchronization of frequemeies, and this was associated with clinieal
illusory pjenomena. In patients with delta activity desynchronization

occurred and alerting and reversal of the speech patterns induced by
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electroshock ( ) were observed.

Electroconvulsive therapy may also be understood in this framework.
We have previously noted a direct relationship between clinical evaluations
of improvement and the degree of EEG slowing induced by electroshock { ).
Under these conditions, sedation and euphoria are most prominent. In patients
in whom hypersynchrony is not inducedy behavioral change is limited and
timprovement' does not oecur,

Previously we have concluded that the mode of action of mitcoms
convulsive therapies is based on the induction of a state of altered cerebral
function, in which changes in adapive interpersonal behavior occur,
which are interpreted as 'improvement'! ( , , ).The present studies
amplify two aspects of this neurophysiologiec hypothesiszcay. The
biochemical substrate of the behavioral change may be, or may be
reflected by, an alteration in the acetylcholine-cholinesterase
relationships of the central nervous system. It is also probable that
EEG hypersynchrony provides the neurophysiologic basis of the milieu
change which is elinically manifest as sedation and euphoria and is evaluated

as ‘improvement!.



The neurophysiclogis-adaptive hypothesis of convulsive therapy
has provided a meaningful basis for spudies of other physiodynamic
therapies ( ). In this study, it has been possible to amplify our

understanding of newrophysiologic aspects of hallueinogens as well,
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Effect of Anticholinergic Agent, Diethazine, on EEG

and Behavior

Significance for Theory of Convulsive Therapy

MAX FINK, M.D., Gilen Oaks, N. Y.

Recent imvestigations of convulsive ther-
apy have emphasized EEG delta activity as
the neurophysiologic basis for the induced
behavioral change.'*® Little study, however,
has been given to the biochemical effects of
this therapy, except in the course of investi-
gations of head injuries.

In mmvestigations of head trauma signifi-
cance has been ascribed to changes in the
acetylcholine-cholinesterase systems both for
the behavioral and for the electroencephalo-
graphic effects. An increase in free acetyl-
choline® and an alteration of the ratio of
cholinesterases “ in the spinal fluid have been
positively correlated with the degree of EEG
abnormality and degree of neurologic defi-
cit. The EEG patterns were “blocked,” and
some 1mprovement in clinical status was
reported following the administration of
atropine.”® In convulsive therapy, atropine
and scopolamine were observed to block the
appearance of delta activity,” although the
systemic effects of the large doses of these
agents were marked.

Recent reports ! noted that EEG and
behavioral effects similar to atropine were
achieved in patients with head trauma by
intravenous  diethazine—a  phenothiazine
compound with anticholinergic properties—
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with minimal systemic effects. In our con-
tinuing studies of the role of delta activity
in electroshock,® the effect of diethazine was
studied. It is the purpose of this report to
describe the effects of diethazine on EEG
patterns and on behavior of patients during
electroconvulsive therapy, and to relate these
observations to the present neurophysiologic-
adaptive hypothesis of the mode of action of
convulsive therapy.

Subjects and Methods

Forty psychiatric patients, at various stages of
electroshock therapy in an open-ward, voluntary
psychiatric hospital were studied. All observations
were made in acute experiments in the EEG lab-
oratory. After a routine EEG recording, diethazine
was administered intravenously at the rate of 25
mg. per minute, for a total of 175 to 250 mg.,
depending upon the behavioral effect. The dosage
varied from 2.8 to 4.0 mg. per kilogram of body
weight. '

Diethazine 1s a soluble phenothiazine compound
with pharmacologic properties similar to those of
atropine. In experimental animals, diethazine
blocks the bradycardia, bronchospasm, salivation,
fasciculation, and seizures induced by acetylcholine,
fluorophosphate, and pilocarpine. It suppresses
salivation and induces mydriasis and hypotension.™

EEG Analyses.—Recording was continuous for
the duration of the observation period, except dur-
ing interview periods. Needle electrodes, and an
eight-channel Medcraft instrument were used. All
records were analyzed for the degree of delta
activity,” the per cent time and principal alpha
frequency, and the relative amount of fast activity.
The alpha and delta activities were measured in
anterior temporal-vertex, parietal-ear lobe, and
frontal-occipital lead combinations.

Behavior Measures.—Prior to drug administra-
tion an unstructured psychiatric historical inter-
view and a structured questionnaire period® were
tape-recorded. Following drug administration,
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periods of recorded interview were alternated with
EEG recording periods, until the EEG had again
manifested the preinjection pattern on visual in-
spection.

Two estimates of behavioral effects were used:
clinical descriptions by the participants—subject,
interviewer, and technician—of the changes oc-
curring during the drug period, and Ianguage
analyses of the recorded interviews. Changes in
language were evaluated by a syntactic analysis™
and an analysis of the variability in verbal inter-
action in the dyad.*®*™* Both measures have been
shown to be sensitive to alterations in behavior in-
duced by changes in the central nervous system.

Observations

(@) Chnical.—Within two to five minutes
of the start of the injection, subjects mani-
fested spontaneous coughing followed by a
dryness of the mouth and a thickness of
speech. They reported a feeling of lassi-
tude and a heaviness and weakness of the
extremities, soon succeeded by increased
restlessness and difficulty in maintaining eye-
lid closure.

Reports of visual and haptic illusory sen-
sations, feelings of unreality and distance,
and delusional thoughts about their illness,
the setting of the test procedures, or our
identity were voiced spontaneously by 18
subjects in the period between 15 and 60
minutes after drug administration. In three
instances increasing agitation and panic led

* Detailed analyses of these observations will be
reported separately by Dr. J. Jaffe and Dr. R. L.
Kahn.
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Fig. 1.—Effect of intravenous diethazine prior
to electroshock in a man aged 27/.
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Fig. 2—Effect of intravenous diethazine prior to
electroshock in a woman aged 57.

to a cessation of the recording. In two
subjects withdrawal and negativism were
the prominent behavioral response. Such
patterns of behavior were transient and had
disappeared in one and one-half to four
hours 1n all subjects.

(b) EEG Patterns.—Alteration in the
EEG patterns was concurrent with the be-
havioral effects. In all records, changes oc-
curred during drug administration and were
sustained, with gradual diminution and resti-
tution of the preinjection patterns, in one to
five hours. The initial response was a de-
crease 1n voltage and desynchronization of
all frequencies. There was a decrease in
prominence of prevailing rhythms. In pa-
tients without delta activity (preelectro-
shock), desynchronization and voltage
decrease were occasionally accompanied by
low-voltage 5-7 cps activity, symmetric and
prominent in frontal and anterior temporal
leads (Figs. 1 and 2). The alpha frequency
was not altered. The build-up in voltage and
appearance of slower frequencies with
hyperventilation were blocked.

In patients with varying degrees of high-
voltage delta activity, desynchronization of
the records became prominent, with a sig-
nificant decrease both in voltage and in per
cent time of slow wave activity. IFrom an
average per cent time delta of 45% in
frontal-occipital leads, there was a reduc-
tion to a mean of 20%. Both random and
burst delta activity diminished or disap-
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Fig. 3.—Effect of intravenous diethazine on delta activity after electroshock.

peared, and irregular low-voltage alpha and
beta frequencies became prominent ([Figs.
3 and 4). The hyperventilation response
was no longer apparent,

(¢) Language Patterns.—In previous
studies, an intimate relationship between
changes in syntactic language patterns and
the behavioral response in electroshock had
been reported.’> With alteration in brain
function, increased use of the third person,
verbal denial, qualification, displacement,
and clichés became prominent. These ef-
fects could be enhanced by the administra-
tion of intravenous amobarbital.l?

In the subjects in the present study,
syntactic analyses demonstrated a reversal
of the patterns noted in electroshock. Use
of the third person, qualification, and dis-
placement decreased. IExplicit verbal denial
was modified and replaced by minimization

complaints of illness. In dyadic analyses,
the verbal interaction was characterized by
a greater diversity of vocabulary and less
variability in the diversity scores for 25
word units.

The qualitative nature of these changes
in the language patterns is opposite that of
amobarbital and electroshock. The duration
of language changes was concurrent with
the changes in the electroencephalogram.

Comment

These observations confirm the report of
Jenkner and ILechner of the effects of di-
ethazine 1n “normal” subjects.’® Diethazine
also alters electroshock-induced delta activ-
ity i a fashion similar to atropine and
scopolamine, as described by Ulett and John_
son,” with minimal unpleasant symptoms.
The effects of intravenous diethazine are

and displacement, or by a reiteration of immediate, both on the EEG and on
PRE-DRUG + 200 mg. +25 min. + 70 min.
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Fig. 4—Effect of intravenous diethazine on delta activity after electroshock.
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behavior, and thus provide a useful experi-
mental agent with “anticholinergic” proper-
ties. Two aspects of these experimental
observations warrant discussion: the role
of acetylcholine-cholinesterase in the electro-
convulsive therapy process, and the signifi-
cance of diethazine ‘“‘alerting” for concepts
of hallucinogenic activity.

1. Biochemical Basis of the Convulsive
Therapy Process—While there has been
considerable study of the psychologic and
neurophysiologic aspects of convulsive ther-
apy, little information concerning biochemi-
cal processes is available. The studies of
biochemical changes following head trauma
and spontaneous seizures provide some ana-
logic data. Bornstein,® in a classical experi-
mental study of head trauma 1n cats,
demonstrated that within a few minutes after
trauma free acetylcholine appeared in the
spinal fluid and persisted for periods up to
48 hours. He further demonstrated a posi-
tive relation between the severity of head
trauma and the quantity of free acetyl-
choline, the degree of electroencephalo-
graphic alteration, and the severity of the
behavioral changes. The electroencephalo-
graphic records initially showed short peri-
ods of high-voltage fast activity, and a
transient period of flattening of electrical
activity, followed by prolonged periods of
high-amplitude sharp waves in the delta
frequencies. Concomitantly, alteration 1n
consciousness, changes in reflexes, and post-
traumatic seizures were most prominent with
highest concentrations of free acetylcholine
and greatest degree of EILG change.

Tower and McEachern * confirmed these
observations in clinical studies in man. In
112 neurologic patients, free acetylcholine
was found in the cerebrospinal fluid only
in patients following head trauma and re-
cent grand mal seizures, and the level of

free acetylcholine varied directly with the
degree of cerebral damage. In addition, these
authors assayed the cholinesterase activity of
the spinal fluid."*® In patients following
head trauma, they noted a sharp rise 1n
nonspecific cholinesterase (benzoylcholine-

Fink

splitting) and a drop in the specific cholin-
esterase (methacholine-splitting) activity of
the spinal fluid. No such inversion was
noted i fluids containing free acetylcholine
following spontaneous seizures. FElectroen-
cephalograms were taken at varying inter-
vals following trauma and demonstrated a
direct correlation of the extent of EEG
abnormality with the appearance of free
acetylcholine 1n the spinal fluid. |

Tower and McEachern also reported ob-
servations in six patients receiving electro-
convulsive therapy. In patients after three
to seven induced convulsions, they noted free
acetylcholine in the spinal fluid in two pa-
tients and an increase in nonspecific cholin-
esterase with reversal of the cholinesterase
ratio in five of the six. They concluded
that the spinal fluid changes in electroshock
are more like those of craniocerebral trauma
than those found in epilepsy.f More re-
cently, Sachs ™ confirmed the reports of
free acetylcholine in the spinal fluid after
head trauma and after electroshock.

In his studies, Bornstein ® administered
0.5-1.0 mg/kg. of atropine and demon-
strated a reversal or a blocking of the EEG
effects and a modification of the behavioral
and neurologic signs. Atropine also blocked
the KEXG and clinical signs induced by intra-
cisternal acetylcholine.

Ward ® applied these observations to the
treatment of human subjects with varying
degrees of head trauma. Subcutaneous doses
of 0.1 mg/kg. of atropine induced both
clintcal improvement and reversal of EEG
effects. These observations were recently
confirmed by Sachs,'” Ruge,'® and Hughes.!?
On the basis of these observations, Ulett
and Johnson ? noted the effect of atropine
and scopolamine 1n blocking the EEG
electroshock therapy. Con-
currently, Jenkner and Lechner ! reported

changes of

+ Regarding the one patient of the six who
failed to show either free acetylcholine or a re-
versal of the cholinesterase ratio, they noted: “It
is interesting that this patient was the only one
of the six to show no response to treatment.”
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effects similar to those of Ward, in studies
of diethazine in cases of head injury.
Another group of investigations complete
the available data. Studies of anticholines-
terases, such as fluorophosphate, and tetra-
ethylpyrophosphate (TIEPP), which block
the enzymatic breakdown of acetylcholine,
demonstrate the development of high-ampli-
tude rapid-frequency EEG patterns similar
to those of status epilepticus, as well as
slighter degrees of abnormality, as noted 1n
post-traumatic states.?**? In these studies,
atropine blocked both the electroencephalo-
graphic and the clinical toxic effects.

Thus, from both experimental and clinical
studies of craniocerebral trauma we may
assume that (a) the acetylcholine activity of
the spinal fluid increases, (b) pseudo-
cholinesterase activity increases, with a re-
versal of the ratio of cholinesterases, (c)

EEG hypersynchrony and slowing parallel

these biochemical alterations, and (d) anti-
cholinergic agents may block both the elec-
troencephalographic and the clinical effects.
From the data available, 1t 1s probable that
the biochemical basis of convulsive therapy
1s similar to that of craniocerebral trauma.
Convulsive therapy results in free acetylcho-
line in the spinal fluid “!7 and a reversal ot
cholinesterase ratios.”1® The electroencepha-
lographic effects of repeated induced con-
vulsions is the development of high-voltage,
symmetric, slow-wave activity, occasionally
with spike activity,®=*2% which 1s similar to
that observed in severe head trauma.?%2
In previous studies we have reported the
relationship between the degree of induced
slow-wave activity and behavioral response.?
The studies reported here and the work of
Ulett and Johnson ? demonstrate a reversal
of the EEG and the behavioral effects of
convulsive therapy by anticholinergic com-
pounds. In each characteristic, convulsive
therapy 1s thus similar to cerebral trauma.
While the acetylcholine-cholinesterase sys-
tem 1s highlighted by these studies, other
enzyme systems may also be altered.!” These
studies also suggest that convulsive therapy
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provides an excellent experimental method
for studies of craniocerebral trauma.

Studies of the brain-stem-activating sys-
tem by Jasper and Droogleever-Fortuyn 28
and Lindsley et al.?® had laid the founda-
tion for the prevailing conclusion that sym-
metric EEG slow-wave activity has its
origin in mesencephalic structures, and that
these structures intimately affect the states
of “alerting” and “drowsiness.” More re-
cently, Rinaldi and Himwich 3931 have re-
lated the site of action of atropine and
cholinergic drugs to this mesodiencephalic
activating system. It is also probable that
these structures may be selectively affected
by the convulsive therapy process, and that
both the clinical and the electrographic ef-
fects may be intimately related to changes in
this system.

2. Diethazine “Alerting” and Hallucino-
gemc Activity—The behavioral effects of
diethazine provide information regarding
another aspect of the convulsive therapy
process. In patients without prior convul-
sive therapy, illusory phenomena and feel-
ings of unreality were observed. These
were similar to the hallucinogenic effects of
lysergic acid diethylamide (L.SD?2) and
mescaline.®® Again, analogic data about the
chinical and EEG effects of these agents
may provide some information about con-
vulsive therapy.

In studies of mescaline, Wikler 3¢ noted
that the EEEG demonstrated no change, or
intermittent or continuous low-voltage fast
activity, or increase in alpha frequency.
Denber and Merlis 3% noted a similar accel-
eration of alpha frequency, decrease in per
cent time alpha, including its disappearance,
and nonspecific random beta activity. Delta
activity did not occur. In patients with
delta activity induced by electroshock, Mer-
lis and Hunter ®® noted that intravenous
mescaline markedly diminished the ampli-
tude and per cent time delta activity with
an increase in per cent time alpha activity.

The effects of LSD on EEG are similar.
Gastaut et al®® noted an acceleration of
alpha frequency of 0.5 to 4.0 cps, with an
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accentuation of beta rhythms. Rinkel et
al.®” confirmed this observation and noted,
in addition, a reduced responsivity to hyper-
ventilation.i:

In summarizing his studies, Wikler 3*
concluded that “regardless of the...drug
administered, shifts on the pattern of elec-
troencephalogram in the direction of de-
synchronization occurred in association with
anxiety, hallucinations, fantasies, illusions
or tremors, and 1n the direction of synchro-
nization with euphoria, relaxation or
drowsiness.” This generalization provides a
meaningful construct in which these agents
may be assessed. Agents that evoke EEG
desynchronization tend to be hallucinogenic,
and mescaline and LLSD are clear examples.
Agents that synchronize frequencies, such
as barbiturate and meprobamate in the beta
frequency range, and chlorpromazine, pro-
mazine, and perphenazine in the delta fre-
quency range®? tend to be sedatives,
euphoriants, and relaxants.

The observations on diethazine reported
here are consistent with this hypothesis. In
patients without delta activity, the EEG
demonstrated desynchronization of frequen-
cies, and this was associated with clinical
illusory phenomena. In patients with delta
activity desynchronization occurred, and
alerting and reversal of the speech patterns
induced by electroshock were observed.

Fllectroconvulsive therapy may also be
understood in this framework. We have
previously noted a direct relationship be-
tween clinical evaluations of improvement
and the degree of EEG slowing induced by
electroshock.®? Under these conditions, seda-
tion and euphoria are most prominent, and
hallucinatory activity diminished. In pa-
ttents in whom hypersynchrony 1s not in-

T Studies are now in progress on the effects
of LSD, Win-2299 (2-diethylaminoethyl-cyclo-
pentylhydroxy-2-thienylacetate), benactyzine, and
other anticholinergic compounds on postconvulsive
EEG delta activity. Initial experiments with these
compounds have demonstrated marked diminution
in per cent time and amplitude of delta activity
associated with behavioral changes similar to those
seen with diethazine.
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duced, behavioral change is limited, and
“improvement”’ does not occur.*

Previously we have concluded that the
mode of action of convulsive therapies is
based on the induction of a state of altered
cerebral function, in which changes in adap-
tive interpersonal behavior occur, and are
interpreted as “improvement.” 3439 The
present studies amplify two aspects of this
neurophysiologic-adaptive hypothesis. The
biochemical substrate of the behavioral
change i1s reflected by an alteration in the
acetylcholine-cholinesterase relationships of
the central nervous system. It is also prob-
able that EEG hypersynchrony provides the
neurophysiologic basis of the milieu change,
which 1s clinically manifest as sedation and
euphoria and is evaluated as “improvement.”

The neurophysiologic-adaptive hypothesis
of convulsive therapy has provided a mean-
ingful basis for studies of other physiody-
namic therapies.®® In this study, it has been
possible to amplify our understanding of
neurophysiologic aspects of hallucinogens as
well.

Summary and Conclusions

T'he effect of an anticholinergic agent,
diethazine, on the EEG, behavior, and lan-
guage patterns was observed in 40 psychiat-
ric patients, at various stages in the course
of electroconvulsive treatment.

(a) Behavior: Increased restlessness and
agitation, haptic and visual illusory sensa-
trtons, and delusional thoughts about their
illness or the examiner’s identity were ob-
served.

(b) EEG: Alteration in EEG were con-
current with behavioral changes. There
were a decrease in voltage and desynchroni-
zation of all frequencies. In patients with
delta activity, the per cent time and voltage
of delta activity decreased.

(c) Language: Syntactic patterns de-
scribed for convulsive therapy were re-
versed. Use of third person, qualification,
and displacement decreased. In dyadic
analyses there was a decrease in the coeffi-
ctent of variation.
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These observations are discussed in the
framework of the neurophysiologic-adap-
tive hypothesis of the action of convulsive
therapy, and 1t 1s concluded that (a) the
biochemical basis for convulsive therapy is
simtlar to that of craniocerebral trauma;:
(b) changes in acetylcholine-cholinesterase
metabolism are intimately related to the be-
havioral effects, and (¢) EEG desynchroni-
zation may be a physiologic concomitant of
hallucinogenic activity, and EEG hyper-
synchrony, associated with euphoria and
sedation.

Mrs. Hannah Mosquera gave technical assistance
in the EEG recordings, and Dr. Joseph Jaffe and
Dr. Robert L.. Kahn made the analyses of the tape
recordings.

Diethazine was made available through the
courtesy of Smith, Kline & French Laboratories,
Philadelphia.

Hillside Hospital, 75-59 263d St.
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Effoct of inti-Cholinergic Agent, Diethasine, on EEC and Dehavior:
Significance for Theory of Canwvulsive Therapy

Reeent investigations of convulsive therapy have emphasized LG delta
activity as the newrophysioclogic basis for the induced behaviorsl change
(1,2,3,455)s 1d4ile study, however, has been given to the blochamical effects
of this therepy, except in the course of investigations of head injurics,

In investigations of head traume significance has been ascribed to
changes in the acetylcholineecholinesterase systems both for the behavioral
and the electroencephalographic effects, An increase in free acetylcholine
(6) and an alteration of the ratio of cholinesterases (7) in the spinal fluid
have been positively correlated with the degree of FEG sbnormality and degree
of neurologic deficit, The LEC patterns were "blocked," and some improvement
in clinical status was reported following the administration of atropdne (7,0).
In comvulsive therapy, atropine and scopolanine were observed to tlock the
appearance of delta activity, (9) although the systemic effects of the large
dosee of these agents were maried,

fecent reports (10) noted that ING and behavioral effects similar to
atrepine were achieved in patients with head traums by intravenous diethasine =
aWWﬁﬁw&Mzms-nﬁch
effects, In our continuing studies of the role of delta activity in electroe
shock (3), the effect of diethasine was studied, It is the purpose of this report
%o describe the effects of diethazine on i0 patterns and on behavior of patients
durine olesctroconvulsive therapy; and to rolate these observations to the present
peurophysiologiceadaptive hypothesis of the mode of action of caw . lsive therapy.



Forty psychiatrie patients, at various stages of electroshiock therapy
in an openwward, voluntary psychiatric hospital have been studied, All
observations have been made in acute experiments in the EXG labaratorye
ummuuus-nmm.m‘mwmummm
upon the beravioral effect, Dosage varied from 2,8 to L.0 mgm per kilogran
body weighte , .

Disthasine is a soluble phenotidasine compound with pharmacalogic
properties similar to stropine. In eperimental animals, diethasine blocks
the bradycardiz, bronchospasm, salivation, fasclculation and seisures induced
by acetyleholine, di-isopropyl flucrophosphate and pilocarpire. It suprresses
salivation, and induces mydriasis and hypotension (11).

feeording was continuous for the duration of the observation peried,
excopt during interview periods, Needle electrodes, and an § channel lederaft
instrumsat wore used, All records were analysed for the degree of delta
actividy (3)5 the por cent time and prineipal alpha frequencyy and the relative
amount. of fast activity, The alpha and delta activity were measured in
mmmmmﬁmmmm.

Prior to drug administretion an wwiructured peychiatric historical
interview and 2 structured questionnaire period (12) were tape recorded,
Following druz administration, perieds of recorded interview were alternated
with BEGC vecording periods, until the EY0 had again menifested the pro-injection




nttmm-wm

Two estimates of behaviorsl effects were used: clinical descriptions
by the participants - subject, interviewer and technician - of the changes
cocurring during the drug period, and language analyses of the recorded
interviows, Changes in language were evaluated by a syntactic analysis
(12) ané an amalysis of the variability in verbal interaction in the dyad
(13, W)™  Soth measures have been shown to be sensitive to alterations
in behavier induced by changes in the central nervous system.

A e s o e o

# Detailed snalyses of these observations will be reported separately by
Dre. Js Jaffe and Nobert L. Kahn,




GESERVATION

(a) Clindcals
Withdn two to five mimutes of the start of the injection, subjects

nanifested spontaneous coughing followed by a dryness of the mouth and a
thicimess of spoech, mwgmummuam
and wealmess of extremities which was scon succecded by increased rostlessness
and difficulty in maintaining eyelid closure.

Reports of visual and haptic illusors sensations, feslings of unreality
and distance, and delusional thoughte about their illness, the setting of

the test procedures or our identity were voiced spontanecusly in eighteen

subjects in tho perdod between 15 gnd 60 mimutes, after drug adeinistration,
In three instances, increasing agitation and panic led to a cessation of the
recording, In two subjects withdrawal and negativiem was the prominent behave
ioral vesponse. Such pattems of behavior were transient and had disapjeared
in 1} = & howrs in all subjects.

(b) EEG Patterns:

Alteration in the EEG pattemns was concurrent with the behavioral
effects, In all records, changes cccurred during dyug administration and were
sustained, with gradual diminution and restituion of the pre-injection patterns,
in one to five hours, The initial response was & decrease in veoltage and doe

. synchyenisation of all frequencies, There was a decrease in prominence of

prevailing shythms, In patients without delta activity (pre-electroshock),
desynchronization and voltage docrease was occasionally accompanied by low
volbage S<7 eps activity, symetric and preminent in fromtal and anterior
temporal leads (Figure 1, 2), The alpha frequency was not altered, The buildeup
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in voltage and appearance of slower frequoncles with hyperventilation was
tlocked,

In patients with varying degrees of high voltage delta activity there
was 2 prominent decrease in voltage and desynchronization of the record,
Both random end burst delte activity diminished or disappeared, and irregular
low veltage alpha and beta frequencics became prowinent (Pige 3, L)e The
hyperventilation response was no longer apparent,

(e) Language Fattemns:

nmuman.mmumwmw
in syntactic language patterns and the behavioral response in electroshock
had been reported (12), With alteration in brein function, increased use
of third persen, verbal denial, qualification, displacement and cliches
became prominent., These effects could be emhanced by the administration
of intravenous amobarbital (1L).

In the subjects in the present study, syntactic analyses demonstrated
a reversal of the patterns noted in clectroshock, Use of third persen,
qualification and displacement decressed, Pxplicit verbal denial was
modified and replaced by minimization and displacement, or by a reiteration
of complaints of illness. In dyadic analyses, the verbal interaction was
charecterised by a greater diversity of vocabulary and less variability in
the diversity scores for 25 word units,

The qualitative nature of these changes in the language patberns
is opposite to that of amobarbital and electroshock. The duration of
language changes was concurrent with ihe changes ia the electrooncephalograme



DISCUSSIOHs

These observations confirm the report of Jenkner and lechner of
the effects of diethasine in "normal” mubjects (10), Diethesine also alters
electroshock induced delta activity in a fashion simllar to atropine and
scopolamine, as described by Ulett and Johmeon (9), with minimel unpleasant
symptoms. The effects of intravenour diethasine are immediate, both on the
EEG and behavior, and thus provides = useful experimentsl agent with "antie
cholinergic” properties, Two aspects of these experimental observations
warrent discusaions the role of acetylcholineecholinesterase in the electroe
convulsive therapy process, and the significance of diethazine "alerting"
for emcepts of hallucinogenic activity,

1. Blochemical Basis of the Convulsive Therapy Process:
ihdle thore has been considersble study of the psychologic and
neurophysiologie aspects of comvulsive therapy, little infomation concerning
biochenical processes 1s availsble, The studies of biochemical changes
following head tramma and spontaneous seisures provide some analogic data,
Bornstein (6), in a classical experimentsl study of head trauma in cats,
demonctrate’ that within a few mimutes after trauma, free acetylcholine
appeared in the spinal fluid and persisted for periods up to L0 hours, He
further demometrated a positive relation between the severity of head troums
and the quantity of fiee acetylcholine, degree of electroencephalographic
alteration and the severity of the behavioral changes, The electroencephalographic
records initially showed short periods of high voltage fast activity, a transient
period of flattening of electrical activity, followed by prolonged periods of
high amplitude sharp waves in the delta frequencies, Concomitantly, alteration
in consciocusness, changes in reflexes and post-traumatic seisures were most
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prominent with highest concentration of free acetylcholine and greatest
degree of 1.0 change,.

Tower and lcEachern (7) confimmed these observations in clinical
studies in man, In 112 neurclogic patients, free acetylcholine was found
in the cerebrospinal fluid enly in patimts following head traume and recent
grand mal seisuresy and the level of free acetylcholine varied directly with
the degree of cerebral damage, In addition, these authors assayed the
cholinesterase activity of the spinal fluid, (7, 16). In patients following
head trauma, they noted a sharp rise in non-specific cholinesterase
(mwtm)m.mnwwcmm(m-
splitting activity of the spinal fluid, HNo such inversion was noted in
fluids containing free acetylcholine following spontanecus seiszures, Ilectro-
encephalograns were taken at varying intervaels following trauma, and demone
strated a direct correlation of the extent of EEC abnormality and the
appearance of fres acetylcholine in the spinal fluid,

Tower an’ MeFachem also reported cbservations in six retients receiving
electrocanvulsive therapy. In pationds after 3e7 induced comvulsions, they
noted free acetylcholine in the spinal fluid in two, and an increase in none
specific cholinesterase with reversal of the cholinesterase ratio in five of
the six, They concluded that the spinal fluid changes in electroshock ave
nove like those of craniocerebral trauma than those found in epilepsy.®
Hore recently, Sachs (17) confimmed the yeports of free acetylcholine in the
spinal fluid after head trauma and after clectroshocike

[ ——— - - s e e e
# Regarding one patient of the six who failed to show either free acetylcholine

or & yoversal of the cholinesterase . they note: "It is interesting that
this patient was the only one of the six to show no response to treatment,”
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In his studies, Bornstein (6) administered 0,5«1.0 mg/kg atropine
and demonstrated a reversal or a blocking of the EEQ effects, and a
modification of the behavioral and nourclogic signs, Atropine also blocked
the 2:0 and clinical signs induced by intracisternal acetylcholine,

Ward (8) applied these observations to the treatment of human subjects
with varying degrees of head trauma. smmmdaiucto.x-m of
atropine induced both clinical improvement and reversal of EEG effects.
These observations were recently confirmed by Sachs (17), Ruge (18) and
Hughes (19)s Based on these oboervations, Ulett and Johnson (9) noted the
effect of atropine and scopolamine in blocking the EFG changes of electroe-
shock therapy, without noting the effect on clinical behaviors Concurrently,
Jenimer snd lechner (10) reported effects similar to those of Ward, in studies
of diethagine in cases of head injury.

Another group of investigations complete the available data., Studies
wmummm.am(amxwmu)mm
(tetraethyl-pyrophosphate), which block the ensymatic breakdoun of acotyle
choline, demonstrate the development of high amplitude repid frequency EIG
patterns similar to status epilepticus as well as lesser degrees of abnormality
as noted in postetreumatic states (20, 21, 22, 23). In these studies, atropine
blocked both the electroencephalopraphic and the clinical toxic effects.

Thus, both from experimental and clinical studies of craniocerebral
troums we may assume that (a) the acetylcholine activity of the spinal fluid
increasess (b) pseudoecholinesterase activity increases with a reversal of the
ratio of cholinesterasesy (¢) BEG hypersynchrony and slowing parallel these
biochemical alterations; and (d) anticholinergic sgents may block both the
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electroencephalographic and the clinical effects, From the data available it
ie probable that the biochemical basis of convulsive therapy is similar to
that of craniocerebral trauma, Convulsive therapy results in free acetylcholine
in the spinal fluid (7, 17) and a reversal of cholinesterase ratios (7, 16).
The electroencophalographic effects of repeated induced convulsions is the
development of high voltage, symmetric slow wave activity, occasionally with
spike activity (3, 24, 25), which is similar to that observed in severe head
trauma (26, 27), In previous studies we have reported the relationship between
the degree of induced slow wave activity and behavioral response (3). The
studies reported here and that of Ulett and Johnson (9) demonstrate a reversal
of the EEG and the behavioral effects of convulsive therapy by anticholinergic
compounds, In each m«muc, convulsaive therapy is thus asimilar to
cerebral trauma, While the acetylcholine-cholinesterase system is highlighted
by these studies, other ensyme systems may also be altered (17). These studies
also suggest that convulsive therapy provides an excellent experimental method
for studies of cramiocerebral treuna.

Studies of the brain stem activating system by Jasper and Drooglevere
Fortuyn (28) end lLindsley et al. (29) had laid the foundation for the prevailing
conclusion that symmetric EEG slow wave activity has its origin in mesencephalic
structures, end these these structures intimately affect the states of "elerting"
and "drowsiness.” HMore recently, Rinaldi and Himwich (30, 31) have related the
site of action of atropine and cholinergic drugs to this mesodiencephalic
activating system., It is also probable that these structures may be selectively
affected Ly the convulsive therapy process, and that both the clinical and
electrographic effects may be intimately related to changes in this system.



The benaviaral effects of diethaszine provide infomation regarding
another aspect of the convulsive therapy process., In peatdients without prior
convulsive therapy, illusory phenomena and feelings of unreality were observed.
These were similar to the hallucinogenic effects of LSD (32) and mescaline (33).
Ammmaumtuummmmamudmmuw
provide some information about eoumlam thorapy.

In studies of mesceline, Wikler (3L) noted that the EXC demonstrated
either no change, intemmittent or continuous low voltage fast activity or
increase in slpha frequency, Denber and Morlis (35) noted a similar accelera-
tion of slpha frequency, decrease in per cent time alpha including ite dise
appearance, and non=specific random bela activity. Delta sctivity 4ld not
occur, In patients with delta activity induced by electroshock, Merlis and
Hunter (38) noted that intravenous mescaline markedly diminished the amplitude
and per cent time delta activity with an increase in per cent time alpha
activitye

The effects of LSD on :EG are similar, Casteut gt al. (36) noted an
acceleration of alpha frequency of 0,5 to L.O cps with an accentuation of
beta rhytims, Rinkel gt al. (37) confimed this observation and noted, in
addition, a reduced responsivity to hyperventilation,” _

In sumsarizing his studies Wikler (3L) concluded that "... regardiess
of the drug aduinistered, shifts in the pattem of electroencephalogram in the

# Studies are now in progress of the effects of LSD, Win-2299, benactyzine
and othor anticholinergic compounds on posteconvulsive EEG delta activity,
Initial experiment with intravenous LSD (S0-100 gamma) demonstrated maried
diminution in per cent time and amplitude of delta activity.



«lle

direction of desynchronisation oceurred in association with anxiety,
hallucinations, fantasies, illusions or tremors, and in the direction of
synchronization with euphoria, relamation or drowsiness." This generalizae
tion provides a meaningful construct in which these agents may be assessed,
Agents that evoke ENG desynchronisation tend to be hallucinogenic and
mescaline and LSD are clear examples, Agents that synchronise frequencies,
such as barbiturate and meprobamate in the beta frequency range, and chlore
promazine, promazine and trilafon in the delta frequency range (39) tend to
be sedatives, euphoriants and relaxants,

The observetions on diethazine reported here are consistent with
this hypothesis, In patients without delta activity, the EEC demonstrated
desynchronization of frequencies, and this was associated with clinical
illusory phenomena, In patients with delte activity desynchromisation
occurred, and alertin; and reverssl of the speech patterns induced by
electroshock were observed,

Electroconvulsive therapy may also be understood in this framework.
We have previously noted a direct relationship between clindcal evaluations
of improvement and the degree of il slowing induced by electroshock (3).
Under these conditions, sedation and euphoria are most prominent and
hallucinatory activity diminished, In patients in whom hypersynchrony is
not induced, behavioral change is limited and 'improvement' does not occur
(L0).

Previously we have concluded that the mode of action of convulsive
therapies is based on the induction of a state of altered cerebral functicn,
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in which changes in adaptive interpersenal behavior occur, and are interw
preted as 'improvement' (3, L, 39). The present studies amplify two
aspects of this neurophysiologiceadaptive hypothesis. The biochemicel
substrate of the behavioral change is reflected by an alteration in the
acetylcholinewcholinesterase relationships of the cerebrospinal fluid.
It is also probable that EEC hypersynchrony provides the neurophysiologic
basis of the milieu change which is clinically menifest ss sedation and
euphoria and is evaluated as 'improvement.'

The neurophysiologic-adaptive hypothesis of convulsive therapy
nas provided a meaningful tesis for studies of other physiodynamic
therapies (39)s In this study, it has been possible to amplify our
understanding of neurophysiologic aspects of hallucinogens as well.



SULARYs

1. The effect of an anticholinergic agent, diethasine, on the E=G,
behavior and language patterns was observed in LO psychiatric patients, at
various stages in the course of electroconvuleive treatment,

(a) Behavior: Increased rostlessness and agitation, haptic and
visual illusory sensations,; and delusional thoughts about their illness
or exaniner's identity were observed.

(b) EEG: Alteration in EEG was concurrent with behavioral
chenges. There was a decrease in voltage and desynchronisation of all
froquencies, In patients with delta astivity, the per ceat time and veltage
of delta activity decreased, _

(e) Language: Symtactic patterns described for comvulsive therapy
were reversed. Use of third person, qualification and displacement decreased,
In dyadic analyses, there was a decrease in the coefficient of variability.

2. These cbservations are discussed in the framewori of the neuro=
physiclogic-adaptive hypothesis of the action of convulsive therapys and
it is concluded that:

{a) the blochemical basis for convulsive therapy is similar to
that of eraniocerebral traumaj

(b) changes in acetylcholineecholinesterase metabolism are
intimately related to the behavioral effects; and

(e) EEC desynchronization mey be a physiologic concomitant
of hallucinogenic activity; and EEC hypersynchrony associated with euphoria
and sedation.
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Effect of Intravenous liethazine pre-Electroshock

Fige 1



Effect of Intravencus iethauine pre-Electroshock

Fige 2



Effect of Intravenous Diethagine After Electroshock

Tige 30



Effect of Intravenous Diethasine After Electroshock

Pig. L
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Effect of Anticholinergic Compounds on Post Convulsive EEG
and Behavior

In 1956 Ulett and Johnson (1) reported to this society that large doses of
atropine or scopolamine blocked the appearance of the high voltage delta
activity usually induced by convulsive therapy. They alsc noted that the
dose of atropine necessary to affect the EEG was such as to be associated
with unpleasant systemic effects. The reports by Jenkner and Lechner (2)
describing diethazine as an anticholinergic compound with potent meurologic
but minimal systemic effects led us to undertake studies similar to those
of Ulett and Johnsonj and these observations, in turn led to an investigation
of other similar agents. It is the purpose of this report to describe the
clinical and EEG correlations on the intravenous administration of various
hallucinogens and anticholinergic agents in psychiatric patients &t various
stages of convulsive therapy; and to relate these observations to the
recently expressed neurophysiologic-adaptive hypothesis of the mode of

action of convulsive therapy and of hallucinogens.

Subject and Method:

Our subjects were consecutive referrals for convulsive therapy in an
open ward voluntary psychiatric hospital. Patients have been studied at
various stages of therapy, with observations being made in acute experiments
in the EEG laboratory. Following a standard 8 channel EEG recording from
17 leads using needle electrodes, the compound under study was administered

intravenously at a set rate per minute, until clinical behavioral or



electrographic changes were observed. The compounds studied have been
diethazine, Win 2299*, 1Sp.25, benactyzine, JB~318% and JB=336.%
Diethazine was administered at 25 mgm. per minute, for a total of 175-250
mgm; Win-2299 and benactyzine at 0,5 mgm per minute for 25 mgm; LSD-25
at 10 gamma per minute for 50-150 gamma; and JB-318 and JB-336 at O.4 mgm

per minute for 102"306 mgme

Observations:

On the administration of diethazine, in 15 patients prior to convulsive
therapy, there was a decrease in voltage and a desynchronization of all
frequencies. Prevailing rhythmic patterns became less prominent. In
Some instances, symmetric low voltage 6-7 cps activity appeared, most
prominent in the frontal and anterior temporal leads. The alpha frequency
was not altered, but the buildeup in voltage and slower frequencies induced
by hyperventilation was blocked (Fig. 1, 2).

In 17 patients during convulsive therapy, with varying degrees of
induced high voltage delta activity, there was a significant decrease both
in voltage and in per cent time of slow wave activity. From an average per
cent time delta of L5% in the fronto-occipital leads, there was a reduction
to a mean of 20%. Both random and burst delta activity diminished and low
voltage alpha and beta frequencies became prominent. The hyperventilation

response was no longer apparent. These electrographic effects persisted for

¥ Win-2299 is 2-diethylaminoethyl cyclopentyl (2-thienyl) glycolate;
JB-318 is n-ethyl-3-piperidylbenzilate; JB=-336 is m-me thyl=3-piperidylbenzilate.



one to five hours (Fig. 3, L)«

Concurrent with these EEG effects, we observed distinctive behavioral
changes. Patients became more irritable and restless and complained of
sensations of unreality with dysesthesias of the extremities. Visual
illusory phenomena and delusional thoughts about their illness, the
setting of the test procedure or the examiner's identity were described.
Their language patterns were characteristically altered in a fashion
opposite to that previously described for amobarbital (3), so that verbal
denial, minimization, cliches, third person mode and past tense became less
prominent. These changes were concurrent with maximum electrographic change.

The behavioral observations with diethazine led to a review of the
effects of hallucinogens on EEG activity. In 1955 Denber and Merlis (L) had
reported that mescaline altered EEG delta activity induced by electroshock,
in a fashion similar to diethazine. They described a marked reduction in
amplitude and per cent time of high voltage symmetric slow wave bursts with
an increase in alpha per cent time and in low voltage, random slow wave
activity.

Reports by Pennes (5) that an experimental compound, Win-2299 manifested
both potent anticholinergic activity and induced hallucinations in man led
to our study of this compound. The effects were similar to that observed
in the diethazine group. In patients pre-convulsive therapy, EEG
desynchronization and decrease in voltages of all frequencies were induced
(Fig. 5)« In eleven patients with high voltage delta activity there was a
decrease in amplitude and per cent time of slow wave activity with an
increase in alpha and beta frequencies. The mean per cent time delta

activity dropped from 50% to 23% in these subjects. Associated with these
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electrographic effects were clinical patterns of restlessness, excitement,
and hallucinatory and illusory activity (Fig. 6). As the hallucinogenic
activity of LSD=25 was well established, these studies were next repeated
with this compound. Here, too, the behavioral and electroencephalograghic
effects, on intravenous administration, were similar to diethazine. There
was a difference in the time constant in that the behavioral effects
occurred 1% to 2 hours after drug administration, but the electrographic
changes were concurrent with the behavioral change. While there was less
desynchronization with 1SD, the delta activity was significantly repressed.
Mean per cent time delta activity fell from L47% to 16% in five subjects
(Fig. 7, 8, 9).

Recalling reports that benactyzine, a potent anticholinergic compound,
induced EEG desynchronization we next administered this compound
intravenously in eleven subjects, and again observed similar clinical and
electrographic patterns, Both in the well modulated alpha record and in
the record with high voltage delta activity, desynchronization was prompt.
Delta activity decreased from a mean per cent time of 39% to 17% in 8
subjects (Fig. 10, 11), These electrographic patterns were accompanied by
clinical restlessness and excitement., While we did not observe illusory or
hallucinatory activity, we did note that the language patterns were altered
in the same fashion as with the other agents tested.

Lately, following reports by Abood (6) that various piperidylbenzilates
had potent anticholinergic properties and induced clinical hallucinogenic
activity, we tested two of these, JB-318 and JB-336., The electrographic
patterns were identical to those of Win-2299 and in each instance in which

desynchronization was observed, clinical restlessness and hallucinatory
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activity was noted (Fig. 12, 13). The hallucinatory activity persisted
for 1 to 3 hours, and during this period, electrographic alteration was
prominent,

Thus, six compounds have been shown to have similar electrographic
and behavioral effects. Each has definitive anticholinergic activity.
Each induces hallucinogenic or excitatory activity; and these behavioral
changes are accompanied by EEG desynchronization. Furthermore, these
compounds have a similar chemical structure (Fig. 14). The tertiary
amine in a substituted diethylaminethanol is prominent, corroborating
the recent reports by Denber (7) on the hallucinogenic activity of tertiary
amines, and amplifying his studies by the common concurrent electrographic
patterns.

These observations amplify our understanding of the convulsive
therapy process. In earlier studies we indicated that the development of
high voltage slow wave activity was the neurophysiologic correlate of
behavioral change in convulsive therapy, and a necessary, though not
sufficient, condition for clinical improvement (8). During the past ten
years, studies by Bernstein, Tower and McEachern, Ward, Sachs, Ruge and
others have noted similarities in the biochemical changes in convulsive
therapy to craniocerebral trauma (9). They reported an elevation of free
acetylcholine and pseudocholinesterase in the spinal fluid during
convulsive therapy. In addition, topical administration of acetylcholine
induces high voltage bursts aml spike activity. Ulett and Johnson
emphasized the blocking of these cholinergic effects by the anticholinergic

activity of atropine and scopolamine. The obseswations on this report on



diethazine, Win-2299, LSD-25, benactyzine and the piperidylbenzilates

support their observations. Each of these compounds has potent anticholinergic
activity and the clinical behavioral and language effects arecpposite to

those described for convulsive therapy. We may thus amplify the earlier
conclusion that the neurophysiolegic basis for behavioral change in

convulsive therapy is the development of high voltage slow wave activity

by noting that this EEG change reflects an alteration in the acetylcholine-
cholinesterase relations of the nervous system, probably in the direction

of increased cholinergic activity.

These observations lend themselves to application in studies of
craniocerebral trauma., Ward's (10) reports of the efficacy of high doses
of atropine in altering the clinical manifestations of head trauma also
indicated that effective doses brought with them severe systemic effects,
It would be advisable to repeat these studies, utilizing such more potent,
more neurologically specific anticholinergic compounds as used in these
experiments,

Finally, these observations, and our earlier reports on the
significance of EEG delta activity in convulsive therapy, support the
observation of Wikler (11) who concluded his report on mescaline,
neallylnormorphine and morphine with the comment that: "... regardless
of the drug administerec, shifts in the pattern of the electroencephalogram
in the direction of desynchrorization occurred in association with
anxicty, hallucinations, fantasies, illusions or tremors, and in the
direciion of synchronizction with euphoria, relaxation or drowsiness."

This conclusion, supporicd by our observations, permit a more meaningful
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generalization of the recently expressed neurophysiologic-adaptive hypothesis
of the mode of action of somatic therapies in psychiatry. We may infer that
agents that synchronize EEG frequencies, like barbiturate and meprobamate

in the beta frequency range and chlorpromazine, promazine and perphenazine

in the delta frequency range, tend to be sedative, euphoriant and relaxant;
while agents that evoke EEG desynchronization tend to be excitant and
hallucinogenic, as was noted for diethazine, LSD-25, Win-2299, benactyzine,

mescaline, and the piperidylbenzilates.
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In summary, we have observed the effects of various hallucinogenic
and anticholinergic compounds on the electroencephalogram and behavior
in psychiatric patients at various stages of convulsive therapy.
Behaviorally, these compounds induced increased restlessness, haptic
and visual illusory sensations and delusional thoughts about the subject's
illness or the examiner's identity. The syntactic language patterns
described for convulsive therapy and barbiturate were reversed. Concurrent
with these changes were a decrease in voltage and a desynchronization of
all frequencies in the EEG. In patients with high voltage delta activity,
the per cent time and voltage of the delta activity were markedly decreased.
These observations have been discussed in the framework of the
common biochemical structure and anticholinergic properties of these agents
with the conclusion that:

(a) The biochemical basis for convulsive therapy and for high
voltage EEG delta activity may be an alteration in the acetylcholine-
cholinesterase relation of the nervous system, probably in the direction
of increased cholinergic activity.

(b) The recently expressed neurophysiologic-adaptive hypothesis
of the mode of action of somatic therapies in psychiatry is amplified
to encompass the action of hallucinogens,

It is recommended that further studies of the effects of anti-
cholinergic compounds in craniccerebral trauma to be undertaken, utilizing
more neurologically specific compounds as diethazine, benactyzine and

Win-2299.
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Effect of Anti-Cholinergic Agent, Diethazine, on EEG and Behavior:
Significance for Theory of Convulsive Therapy

Recent investigations of convulsive therapy have emphasized EEG delta
activity as the neurophysiologic basis for the induced behavioral change
(1,2,3,4,5)s Little study, however, has been given to the biochemical
effects of this therapy, except in the course of investigations of head
injuries.

In investigations of head trauma significance has been ascribed to
changes in the acetylcholine~cholinesterase systems both for the behavioral
and the electroencephalographic effects. An increase in free acetylcholine
(6) and an alteration of the ratio of cholinesterases (7) in the spinal
fluid have been positively correlated with the degree of EEG abnormality
and degree of meurologic deficit, The EEG patterns were "blocked," and some
improvement in clinical status was reported following the administration of
atropine (7,8). In convulsive therapy, atropine and scopolamine were
observed to blcck the appearance of delta activity, (9) although the
systemic effects of the large doses of these agents were marked,

Recent reports (10) noted that EEG and behavioral effects similar to
atropine were achieved in patients with head trauma by intravenous diethazine -
a phenothiazine compound with anticholinergic properties « with minimal
systemic effects. In our continuing studies of the role of delta activity
in electroshock (3), the effect of diethazine was studied. It is the purpose
of this report to describe the effects of diethazine on EEG patterns and en
behavior of petients during electroconvulsive therapy; and to relate these
observations to the present neurophysiologic-adaptive hypothesis of the mode

of action of convulsive therapy.



SUBJECTS AND METHODS:

Forty psychiatric patients, at various stages of electroshock
therapy in an open-ward, voluntary psychiatric hospital have been studied.
A1l observations have been made in acute experiments in the EEG laboratory.
Following a routine EEG recording, diethazine was administered intravenously
at the rate of 25 mgm per minute, for a total of 175 to 250 mgm, depending
upon the behavioral effect. Dosage varied from 2.8 to 4.0 mgm per kilogram
body weight.

Diethazine is a soluble phenothiazine compound with pharmacologic
properties similar to atropine., In experimental animals, diethazine blocks
the bradycardia, bronchospasm, salivation, fasciculation and seizures
induced by acetylcholine, di-isopropyl fluorophosphate and pilocarpine. It
suppresses salivation, and induces mydriasis and hypotension (11).

EEG Analyses:
Recording was continuous for the duration of the observation period,

except during interview periods. Needle electrodes, and an 8 channel
Medcraft instrument were used. All records were analyzed for the degree of
delta activity (3); the per cent time and principal alpha frequency; and

the relative amount of fast activity. The alpha and delta activity were
measured in anterior temporal-vertex, and parietal-ear lobe lead combinations.

Behavior Measures:

Prior to drug administration an unstructured psychiatric historical
interview and a structured questionnaire period (12) were tape recorded.
Following drug administration, periods of recorded interview were alternated
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with EEG recording periods, until the EEG had again manifested the pre=
injection pattern on visual inspection,

Two estimates of behavioral effects were used: clinical descriptions
by the participants - subject, interviewer and technician = of the changes
occurring during the drug period, and language analyses of the recorded inter=
views., Changes in language were evaluated by a syntactic analysis (12)
and an analysis of the variability in verbal interaction in the dyad (13,14) .*
Both measures have been shown to be sensitive to alterations in behavior

induced by changes in the central nervous system.

# Detailed analyses of these observations will be reported separately by
Drs, J. Jaffe and R, L, Kahn.



OBSERVATIONS:

(a) Clinical:

Within two to five minutes of the start of the injection,
subjects manifested spontaneous coughing followed by a dryness of the mouth
and a thickness of speech. They reported a feeling of lassitude, and a
heaviness and weakness of extremities which was soon succeeded by increased
restlessness and difficulty in maintaining eyelid closure.

Reports of visual and haptic illusory sensations, feelings of unreality
and distance, and delusional thoughts about their illness, the setting of
the test procedures or our identity were voiced spontaneously in eighteen
subjects in the period between 15 and 60 minutes after drug administration.
In three instances, increasing agitation and panic led to a cessation of the
recording., In two subjects withdrawal and negativism was the prominent
behavioral response. Such patterns of behavior were transient and had
disappeared in 1% - 4 hours in all subjects.

(b) EEG Patterns:

Alteration in the EEG patterns was concurrent with the behavioral
effects, In all records, changes occurred during drug administration and were
sustained, with gradual diminution and restitution of the pre-injection
patterns, in one to five hours. The initial response was a decrease in
voltage and desynchronization of all frequencies. There was a decrease in
prominence of prevailing rhythms, In patients without delta activity
(pre-electroshock), desynchronization and voltage decrease was occasionally
accompanied by low voltage 5-7 cps activity, symmetric and prominent in frontal

and anterior temporal leads (Figure 1, 2). The alpha frequency was not altered.



-5-

The build-up in voltage and appearance of slower frequencies with hyper-
ventilation was blocked.

In patients with varying degrees of high voltage delta activity there
ws3 a prominent decrease in voltage and desynchronization of the record.
Both random and burst delta activity diminished or disappeared, and irregular
low voltage alpha and beta frequencies became prominent (Fige 3, 4). The
hyperventilation response was no longer apparent.

(c) Language Patterns:

In previous studies, an intimate relationship between changes
in syntactic language patterns and the behavioral response in electroshock
had been reported (12), With alteration in brain function, increased use
of third person, verbal denial, qualification, displacement and cliches
became prominent., These effects could be enhanced by the administration
of intravenous amobarbital (1h).

In the subjects in the present study, syntactic analyses demonstrated
a reversal of the patterns noted in electroshock. Use of third person,
qualification and displacement decreased. Explicit verbal denial was modified
and replaced by minimization and displacement, or by a reiteration of
complaints of illness. In dyadic analyses, the verbal interaction was
characterized by a greater diversity of vocabulary and less variability in
the diversity scores for 25 word units.

The qualitative nature of these changes in the language patterns
is opposite to that of amobarbital and electroshock. The duration of language

changes was concurrent with the changes in the electroencephalogram,



DISCUSSION:

These observations confirm the report of Jenkner and Lechner of
the effects of diethazine in "normal" subjects (10). Diethazine also alters
electroshock induced delta activity in a fashion similar to atropine and
s cpolamine, as described by Ulett and Johnson (9), with minimal unpleasant
symptoms, The effects of intravenous diethazine are immediate, both on the
EEG and behavior, and thus provides a useful experimental agent with "anti-
cholinergic" properties. Two aspects of these experimental observations
warrant discussion: the role of acetylcholine-cholinesterase in the electro-
convulsive therapy progress, and the significance of diethazine "alerting"
for concepts of hallucinogenic activity.

1., Biochemical Basis of the Convulsive Therapy Process:

While there has been considerable study of the psychologic and
neurophysiologic aspects of convulsive therapy, little infomation concerning
biochemical processes is available. The studies of biochemical changes
following head trauma and spontaneous seizures provide some analogic data.
Bornstein (6), in a classical experimental study of head trauma in cats,
demonstratej that within a few minutes after trauma, free acetylcholine
appeared in the spinal fluid and persisted for periods up to L8 hours. He
further demonstrated a positive relation between the severity of head trauma
and the quantity of free acetylcholine, degree of electroencephalographic
alteration and the severity of the behavioral changes. The electroencephalo-
graphic records initially showed short periods of high voltage fast activity,
a transient period of flattening of electrical activity, followed by prolonged
periods of high amplitude sharp waves in the delta frequencies., Concomitantly,
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alteration in consciousness, changes in reflexes and post-traumatic
seizures were most prominent with highest concentratiorsof free acetylcholine
and greatest degree of EEG change.

Tower and McEachern (7) confirmed these observations in clinical
studies in man. In 112 neurologic patients, free acetylcholine was found
1 the cerebrospinal fluid only in patients following head trauma and recent
grand mal seizures; and the level of free acetylcholine varied directly with
the degree of cerebral damage. In addition, these authors assayed the choline
esterase activity of the spinal fluid, (7, 16). In patients following head
trauma, they noted a sharp rise in non-specific cholinesterase (benzoylcholine-
splitting) and a drop in the specific cholinesterase (mecholyl-splitting)
activity cf the spinal fluid. No such inversion was noted in fluids containing
free acetylcholine following spontaneous seizures. Electroencephalograms
were taken at varying intervals following trauma, and demonstrated a direct
correlation of the extent of EEG abnormality and the appearance of free
acetylcholine in the spinal fluid.

Tower and McEachern also reported observations in six patients
receiving electroconvulsive therapy. In patients after 3-7 induced convulsions,
they noted free acetylcholine in the spinal fluid in two, and an increase in
non-specific cholinesterase with reversal of the cholinesterase ratio in five
of the six. They concluded that the spinal fluid changes in electroshock are
more like those of craniocerebral trauma than those found in epilepsy. *

* Regarding the one patient of the six who failed to show either free acetyl-
choline or a reversal of the cholinesterase ratio, they noted: "It is
interesting that this patient was the only one of the six to show no
response to treatment,"
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More recently, Sachs (17) confirmed the reports of free acetylcholine in
the spinal fluid after head trauma and after electroshock.

In his studies, Bornstein (6) administered 0.5-1.0 mg/kg atropine
and demonstrated a reversal or a blocking of the EEG effects, and a
modification of the behavioral and neurologic signs. Atropine also
biocked the EEG and clinical signs induced by intracisternal acetylcholine,

Ward (8) applied these observations to the treatment of human subjects
with varying degrees of head trauma. Subcutaneous doses of 0.l mg/kg of
atropine induced both clinical improvement and reversal of EEG effects.
These observations were recently confimed by Sachs (17), Ruge (18) and
Hughes (19). Based on these observations, Ulett and Johnson (9) noted the
effect of atropine and scopolamine in blocking the EBEG changes of electro-
shock therapy, without noting the effect on clinical behavior. Concurrently,
Jenkner and Lechner (10) reported effects similar to those of Ward, in
studies of diethazine in cases of head injury.

Another group of investigations complete the available data. Studies
of anticholinesterases, as DFP (di-isopropyl fluorophosphate) and TEPP
( tetraethyl-pyrophosphate), which block the enzymatic breakdown of acetyl-
choline, demonstrate the development of high amplitude rapid frequency
EEG patterns similar to status epilepticus as well as lesser degrees of
abnormality as noted in post-traumatic states (20, 21, 22, 23). In these
studies, atropine blocked both the electroencephalographic and the clinical
toxic effects.

Thus, both from experimental and clinical studies of craniocerebral

trauma we may assume that (a) the acetylcholine activity of the spinal
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fluid increases; (b) pseudo-cholinesterase activity increases with a
reversal of the ratio of cholinesterases; (c¢) EEG hypersynchrony and
slowing parallel these biochemical alterations; and (d) anticholinergic
agents may block both the electroencephalographic and the clinical effects.
From the data avaiilable it is probable that the biochemical basis of
convulsive therapy is similar to that of craniocerebral trauma. Convulsive
therapy results in free acetylcholine in the spinal fluid (7, 17) and a
reversal of cholinesterase ratios (7, 16). The electroencephalographic
effects of repeated induced convulsions is the development of high voltage,
symmetric slow wave activity, occasionally with spike activity (3, 2k, 25),
which is similar to that observed in severe head trauma (26, 27). In
previous studies we have reported the relationship between the degree of
induced slow wave activity and behavioral response (3). The studies
reported here and that of Ulett and Johnson (9) demonstrate a reversal
of the EEG and the behavioral effects of convulsive therapy by anti-
cholinergic compounds. In each characteristic, convulsive therapy is thus
similar to cerebral trauma. While the acetylcholine~-cholinesterase system
is highlighted by these studies, other enzyme systems may also be altered
(17). These studies also suggest that comvulsive therapy provides an
excellent experimental method for studies of craniocerebral trauma,
Studies of the brain stem activating system by Jasper and Drooglever=
Fortuyn (28) and Lindsley et al. (29) had laid the foundation for the
prevailing conclusion that symmetric EEG slow wave activity has its origin
in mesencephalic structures, and that these structures intimately affect

the states of "alerting" and "drowsiness," More recently, Rinaldi and
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Himwich (30, 31) have related the site of action of atropine and cholinergic
drugs to this mesodiencephalic activating system. It is also probable that
these structures may be sellectively affected by the convulsive therapy
process, and that both the clinical and electrographic effects may be
intimately related to changes in this system.

2. Diethazine "Alerting" and Hallucinogenic Activity:

The behavioral effects of diethazine provide infomation regarding
another aspect of the convulsive therapy process s In patients without
prior conwvulsive therapy, illusory phenomena and feelings of unreality were
observed, These were similar to the hallucinogenic effects of LSD (32)
and mescaline (33). Again analogic data about the clinical and EEG effects
of these agents may provide some information about convulsive therapy.

In studies of mescaline, Wikler (3L) noted that the EEG demonstrated
either no change, intermittent or continuous low voltage fast activity or
increase in alpha frequency. Denber and Merlis (35) noted a similar
acceleration of alpha frequency, decrease in per cent time alpha including
its disappearance, and non-specific random beta activity. Delta activity
did not occur. In patients with delta activity induced by electroshock,
Merlis and Hunter (38) noted that intravenous mescaline markedly diminished
the amplitude and per cent time delta activity with an increase in per
cent time alpha activity.

The effects of LSD on EEG are similar. Gastaut et al. (36) noted
an acceleration of alpha frequency of 0.5 to 4.0 cps with an accentuation
of beta rhythms, Rinkel et al. (37) confirmed this observation and noted,
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in addition, a reduced responsivity to nyperventilation.*

In summarizing his studies Wikler (3L) concluded that " . . &
regardless of the drug administered, shifts in the pattern of electro-
encephalogram in the direction of desynchronization occurred in association
with anxiety, hallucinations, fantasies, illusions or tremors, and in the
direction of synchronization with euphoria, relaxation or drowsiness."
This generalization provides a meaningful construct in which these agents
may be assessed. Agents that evoke EEG desynchronization tend to be
hallucinogenic, and mescaline and ISD are clear examples. Agents that
synchronize frequencies, such as barbiturate and meprobamate in the beta
frequency range, and chlorpromazine, promazine and perphenezine in the delta
frequency range (39) tend to be sedatives, euphoriants and relaxants.

The observations cn diethazine reported here are consistent with
this hypothesis. In patients without delta activity, the EEG demonstrated
desynchronization of frequencies, and this was associated with clinical
illusory phenomena. In patients with delta activity desynchronigation
occurred, and alerting and reversal of the speech patterns induced by
electroshock were observed.

Electroconvulsive therapy may also be understood in this framework.

We have previously noted a direct relationship between clinical evaluations

# Studies are now in progress of the effects of LSD, Win-2299, benactyzine
and other anticholinergic compounds on post-convulsive EEG delta activity.
Initial experiments w.:h intravenous LSD (50-100 gamma) demonstrated
marked diminution in per cent time and amplitude of delta activity.



of improvement and the degree of EEG slowing induced by electroshock (3).
Under these conditions, sedation and euphoria are most prominent and
hallucinatory activity diminished. In patients in whom hypersynchrony is
not induced, behavioral change is limited and !improvement' does not occur
(L0).

Previously we have concluded that the mode of action of convulsive
therapies is based on the induction of a state of altered cerebral functionm,
in which changes in adaptive interpersonal behavior occur, and are inter-
preted as Vimprovement' (3, 4, 39). The present studies amplify two
aspects of thié neurophysiologic-adaptive hypothesis. The biochemical
substrate of the behavioral change is reflected by an alteration in the
acetylcholine-cholinesterase relationships of the central nervous system.
It is also probable that EEG hypersynchrony provides the neurophysiologic
basis of the milieu change which is clinically manifest as sedation and
euphoria and is evaluated as 'improvement,.!

The neurophysiologic-adaptive hypothesis of conwvulsive therapy
has provided a meaningful basis for studies of other physiodynamic
therapies (39). In this study, it has been possible to amplify our

understanding of neurophysiologic aspects of hallucinogens as well.



SUMMARY s

1. The effect of an anticholinergic agent, diethazine, on the
EEG, behavior and language patterns was observed in 4O psychiatric patients,
at various stages in the course of electroconvulsive treatment.

(a) Behavior: Increased restlessness and agitation, haptic and
visual illusory sensations, and delusional thoughts about their illness
or examiner's identity were observed.

(b) EEG: Alteration in EEG was concurrent with behavioral changes.
There was a decrease in voltage and desynchronization of all frequencies,
In patients with delta activity, the per cent time and voltage of delta
activity decreased.

(¢) Llanguage: Syntactic patterns described for convulsive
therapy were reversed, Use ef third person, qualification and displacement
decreased, In dyadic analyses, there was a decrease in the coefficient
of variaticn.

2. These observations are discussed in the framework of the neuro-
physiologic-adaptive hypothesis of the action of convulsive therapy; and
it is concluded that:

(a) the biochemical basis for convulsive therapy is similar to
that of craniocerebral traumaj

(b) changes in acetylcholine-cholinesterase metabolism are
intimately related to the behavioral effects; and

(¢) EEG desynchronization may be a physiologic concomitant
of hallucinogenic activity; and EEG hypersynchrony associated with euphoria

and sedation.
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Effect of Anticholinergic Hallucinogens
on Post-Convulsive EEG and Behavior *

Max Fink M,D.

Following the observation of Ulett and Johnson that atropine and
scopolamine blocked the delta activity induced by convulsive therapy, gimilar
studies were undertaken with another anticholinergic compound, diethazine,
Pre-electroshock, diethazine induced desynchronization of EEG frequencies and
a decrease in voltages. In patients with delta activity, voltage and per-cent
time of delta activity ﬁcmnd, dominant alphe and beta frequencies increased
and burst activity disappeared, Concurrent behavioral changes included illusory
sensations, parenoid ideation and withdrawal, increased restlessuness, difficulty
in maintaining eyelid closure, and reversal of the language patterns indicative
of alterdd cerebral function.

The apparent psychotomimetic activity of diethazine led to study of
18D, Win 2299, and benactyzine in patients at various stages of convulsive
therapy. The behavioral changes for each of these compounds in the doses
employed, paralleled those of diethazine, In EEG recordings pre-treatment, each
agent induced desynchronization of the record with increases in beta activity,
and in frequency and per-cent time of alpha activity. In records with slow
wave activity, both the voltage and percent time of this activity decreased,
perwcent time fast frequencies increased, and the alpha frequency increased,
Behavioral changes were concurrent with these ohetmphic changes, and
both were inhibited by intravenous chlorpromazine.

From the Department of Experimental Psychiatry, Hillside Hospital, Glen Osis, L.Ie, N.X,
AEEG: 4/58
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These observations are similar to thode of Denber et al, for mescaline.

Each of those compounds have potent anticholinergic properties, and
structurally, each contains a tertiary nitrogen linkage. The significance
of these observations for the theory of the mode of action of convulsive
therapy in psychoses, as well as for the neurophysiology and pharmacology
of hallucinogens will be discussed.



Effect of Anticholinergic Compounds on Post-Convulsive EEG and Behavior .
Max Fink MJD.

Following the observations of Ulett and Johnson (EEG Clin, Neurophysiol,
9: 217, 1957) that atropine and scopolamine blocked the delta activity induced
by convullsive therapy, similar studies were undertaken with another anticholine
ergic compound, diethazine, Fre-electroshock, diethazine induced desynchronization
of Em; froduencios and a decrease in voltages. In patients with delta activity,
voltage and per-cent time of delta activity decreased, dominant alpha and beta
frequencies increased and burst activity disappeared, Concurrent behavioral
changes included illusory semsations, paranocid ideation and withdrawal, increased
restlessness, difficulty in maintaining eyelid closure, and reversal of the
language patterns associated with altered cerebral function after conwulsive
therapy (Psychopathology of Communication, Grune & Strattoen, pg. 126, 1958)

The apparent psychotomimetic activity of diethazine led to the study of
lysergic and diethylamide, Win 2299 and benactyzine in voluntary psychiatric
patients at various stages of convulsive therapy. These anticholinergic compounds
were administered intravenously in amounts of 50-150 gamma, 2 to 5 mgm and le5
mgm respectively, under continuous EEG recording,  For each compound the behavioral
changes and language measures paralleled those of diethazine, In EEG recordings
pre-treatment, each compound induced EEG desynchronization with an increase in
beta activity and in the alpha frequency. In records with slow wave activity,
both the voltage and per-cent time of this activity decreased, per-cent time
fast frequencies increased, and the alpha frequency increased. Behavioral
changes were concurrent with these electrographic changes, and both were inhibited

by intravenous chlorpromazine,

# From the rtment of Experimental Psychiatry, Hillside Hospital,
Glen m. «Ls New York,
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Similar observations for mescaline have been r eported by Denber, Merlis
and Hunter (Psychiat, Quart. 29: L21, 1955).

The reversal of posteonvulsive EEG and behavior patterns by these potent
anticholingrgic compounds suggests a neurophyslologic basis for convulsive therapy.
Pmim gaggts noted that the clinical reponse to induced convulsions was
mpende;t upon the dmlom#t of extensive high voltage slow wave activity
(AulioA, Neurol, Fsychiat. 78: 516, 1957). An increase in cholinergic activity
may thus be associated with EEG hypersynchrony and clinical sedation and euphoria,
Similarly, a decrease in cholinergic activity may be associated with HEG desynchrone
ization and ¢linical psychotomimetic activity.

The therapy of the mode of action of convulsive therapy and the neuro-
physiologic effects of anticholinergic compounds will be discussed,
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Effects of Antichplinergic Hallucinogens on
Post-Convulsive EEG and Behavior

l Following the observations of Ulett l;xd Johnm that atropine and
scopolamine blocked the delta activity induced by convulsive therapy, studies
were undertaken with another anticholimergic compound, diethazine, Pre=
electroshock diethazine induced desynchronization of frequencies and
decrease in voltages. In patients with delta activity, vo‘.lt#ge and per-cent
time of delta activity decreases, frequency increases and burst activity
disappears.

Concurrent behavioral changes included illusory sensations, paranocid
ideation and withdrawal, increased restlessness, difficulty in meintaining
eyelid closure, and reversal of the language patterns indicative of altered
gentral function. The apparent hallucinogenic activity led to assay of
various compounds including LSD, Win 2299, benactyzine and mescaline,

The behavioral changes in the doses employed were parallel to those
of diethazine, In EEG recording pre-treatment, each agent induced desynchron-
ization of the record with an increase in fast frequencies, increase in
alpha frequency, and alpha voltage and per-cent time. In records with

delta activity, both the voltage and per-cent time of delta activity decreased,
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per-cent time fast frequencies inmcreased, and alpha frequency increased,

Behavioral changes were concurrent with these electrographic changes,
agd both were inhibited by intravenous chlorpromazine.

Each of these compounds have potent anticholinergic properties as
well as a common tertiary amine linkege, The significance of these observa-
tions for the theory of thg mode of action of convulsive therapy in psychoses,
as well as for the neurophysiology and pharmacclogy of hellucinogens will be

discussed,
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Effect of Anticholinergic Compounds on Post-Convulsive EEG and Behavior .

Max Fink M.D.

Following the observations of Ulett and Johnson (EEG Clin, Neurophysiol.

9: 217, 1957) that atropine and scopolamine blocked the delta activity induced

by convulsive therapy, similar studies were undertaken with anedssse anticholin-
ergic compound, diethazine, Fre-electroshock, diethazine induced desynchronization
of EEQ frequencies and a decrease in voltages. In patients with delta activity,
voltage and per-cent time of delta activity decreased, dominant alpha and beta
frequencies increased and burst activity disappeared. Concurrent behavioral
changes included illusory sensations, paranoid ideation and withdrawal, increased
restlessness, difficulty in maintaining eyelid closure, and reversal of the
language patterns aséociated with altered cerebral function after convulsive

therapy.

The apparent psychotomimetic activity of diethazine led to the study of
lysergic‘;:éuhiethylamide, Win 2299 and benactyzine in voluntary psychiatric
patients at various stages of convulsive therapy. These anticholinergic compounds
were administered intravenously in amounts of 50-150 gamma, 2 #e 5 mgm and l=5
mgm respectively, under continuous EEG recording. For each compound the behavioral
changes and language measures paralleled those of diethazine. In EEG recordings
pre-treatment, each compound induced EEG desynchronization with an increase in
beta activity and in the alpha frequency. In records with slow wave activity,
both the voltage and per-cent time of this activity decreased, per-cent time
fast frequencies increased, and the alpha frequency increased. Behavioral

changes were concurrent with these electrographic changes, and both were inhibited

by intravenous chlorpromazine,

# From the Department of Experimental Psychiatry, Hillside Hospital,
Glen Oaks, L.I. New York. ;

AEEG: L/3/58
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Similar observations for mescaline have been r eported by Denber,

Merlis and {{}1{1333:3 RPN

ﬁx(é‘mvious reportsl:’r‘xoted that the clinical response to induced
convulsions was dependent upon the development of extensive high voltage
slow wave activity.{AMcf-Arch, leureds—Psycirtats—F8r—5167-195%k~ The

reversal of postconvulsive EEG, and behavior pat.tems by these potent anti-

cholinergic compounds suggests tha*f%persynchrony and clinical sedation

and euphorla are—assotTabet Wi é:mcrease in cholinergic acm@

ﬁse;glic desynchronization and clinical psychotomimetic activity, ewe

awm( decrease in cholinergic activitye sy be aceraltd

The relation of these observations to studies of head trauma, and
to the neurophysiologic-adaptive hypothesis of the mode of action of

convulsive therapy will be discussed.




Effect of Anticholingeric Compounds on Post Convulsive EEG

and Behavior

-
In 1956 Ulett and Johnsfon reparted to this society that large doses

./‘jv
of atropine e# scopolamine blocked the appearance of high voltage delta

P

atso

activity usually induced by convulsive therapy. I&'&ﬁr.mdy"ﬁhéy noted

that the dose# of atropine necessary to affect the EEG were those—abha%-e-}.eo-

eeocaled sys temic
eerried with <sheem unpleasant sgpbimie effects, Fellowing 'ﬂa reports by

/ R
Jenkner and Lechner % diethazine 4 a—petent neurciomie

: UA f"‘& vl ‘ -
oA O« anticholinergic compound with minimal systemic effects «S8tudies similar to

tncthal
those of Ulett and Johnson,were—underdeicen, Our observatlons with this-
eompound led to an investigation of other anticholinergic W

a- 7
It is the purpose of this report to describe the clinical and EEG correlations

e

on intravenous administration of LSD=-25, Win-2299, benactyzine and diethazine
o :

%
in psychiatric patients at various stages of convulsive therapy, &nc}L relate

wf»wmd
these observations to thekneurophysiologic-adapative hypothesis of the mode

of action of convulsive therapy and of hallucinogens.

Subject and lMethod:

were,
Our subjects a®e consecutive referrals for convulsive therapy in an

open ward voluntary psychiatric hospital, Patients have been studied at
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various stages of tharapy, }fll observations mg made in acute

EEF
experiments in the EEG laboratry. Following a standard recording from

LeAd
17 leads, the compound under study $# administered intravenously at a W

£t rate per minute, until clinical behavioral or electrographic changes
e,

awe observed. The compounds studied have been diethazine, Win-2299, LSD-25

and benactyzine,

Fige I = Chemistry structure

Diethazine was administered at 25 mgm. per minute, for a total of 175-250

2_5
mgm3 Win-2299 and benactyzine at 0,5 mgm per mimte for 2-5 mgm; and 1SD at

10 gamma per minute for 50-150 gamma,

Observations:
=) ‘Mw:l»m
xm. 15" % patients there was a

decrease in voltage and a desynchronization of all frequencies, Prevailing
rhythmic patterns became less prominent. In some instances, symmetric low
voltage 6=~7 cps activity appeared, most prominent in the frontal and anterior

temporal leads. The alpha frequency was not altered, and- the buildeup 3&

xgltgg“g ‘;an__gl_ ,sl{a{wexf .f‘rag?%nc%ig' §/_;lnfiuf:ed by hyperventilation was blocked.
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Diethazine - EEG - Pre-Conmvulsive Treatment

o
N
/7 o ced \
In patients during convulsive therapy, with varying degrees ofﬂhigh ¢
dorl %

do \

A
voltage delta activity, there is a significant decrease in voltage and in
L
Slow weta &%W&w Qo ope e bne 0&!/&.*{ 4ch ,
per-cent time of dedda activity. Both random and burst delta activity Y

diminished and low voltage alpha and beta frequencies became prominent.

<

The hyperventilation respomsewas no longer apparent.

Fige )4, 5

Diethazine - EEG = Convulsive Treatment
/

-

S

(Thglectrographic effects persisted for one to five hours.
AMC

/
Concurrent with these EEG effects, we observed destmetive behavioral

Patients became more irritable and restless and complained of

changes,
M}{
sensations of unreality amé dysesthesias of the extremities., Visual illusory

phenomena and delusional thoughts sbout their illmness, the setting of the test

Aeoercled .
procedure‘ or the examiner's identity were expressed-bypmseme. Their language

harpelirohcall, peffied /o & fal
pattems were/‘ai:tereéyopposite to that previously described for amobarbital
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so thatkdohial, minimization, cliches, third person mode and past tense

wewe less prominent, These behavioral changes wereém during the period

of maximum B®€-change.
Hore Sollonered shatimnrcs s
The—abiliby—ef diethazine te—induee—illusory—and-heliveinetorv—aetivity-

led to am-ewaluation of obher—mrown hallucinogens{ Im—eheeiins—the-literature,

‘9“' 'qgg M /f‘?f'
Denber and Merlis had deseribedmbived mescaline altered

Aulh zetndy

e EEG ahan-ges induced by electroshock)in a fashion similar to diethazine,

4““‘5‘(“ W /b(l,ub‘.rw - Ww‘ el /"4' ettt Ania

They zepownted-tirat she—high voltage symmetric slow wave bursts weme-diminished

mnariediy—imranpiitude~end-perscenrt~bimey with an increase in alpha peycent

time and in low voltage, random slow wave activity.
WMMﬁ Am;én—wa(/ L - 49
E*r @ports by Pennes and wmmmmw -

q t :!‘ f: !! @»Aﬁﬂ? 2 ; VM;&W
Muf“/g'potent anticholinergic cewpeund - led to e—simides study this compound.

VR s 7
Hont~ At

The effects were similar to Hm in the diethazine group. In patients pre-

Aok ACEAE e

convulsive therapy, EEG desynchronization was induced.

Fig. 6

Win 2299 - Pre-Cpnvulsive Treatment

£ A

In patients with high voltage slow wave activity induced by convulsive therapy,
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there was a decrease in amplitude and per-cent time of slow wave actlvity Tl

N prtart 4
3

with an increase in alpha and beta frequencies., “Associated with these

electrographic effects were clinical patterns of restlessness, excitement,

Fige T

Win 2299 - Post Convulsive Treatment

and hallucinatory and illusory activity. i et

Th%es- studies ""’3 repeated with intravenous LSD-and-again-the-patterns
iy A e

o Faihetn Bucirniad Ww x&céowbwy@ epeed anl
weye-repea-ted There is a difference in the time constant bub—with-the /4 ALas

dwh’g««/ o 1A % Kons gl o sy adisssnieshis By Ct
behauoral effects/ M electrographic changes mmiiiith <-ce

Lttrssreet it N ddonrg ? elmype .

lohels TP there was less desynchromzatio Bwt the delta activity appeeyam
lW £ ,(‘p

sei:ec‘b:niyremssed., C—w»/ i dem&«. :aatwf/{d,cfm
499 4 /C?p m%‘*%e}

Fige. 8, 9, 10

ISD - EEG

> MAW&&&‘ %"““’ o,

Recalling #ke reports that benactyzine/ induced EEG desynchronizationg we

/);- I,W‘t/

administered 4ke- compound intravenouslyy and againg observed similar clinical
and electrographic patterns. In the well modulated alpha record, desynchronization

is prampt. In the record with high voltage delta activity, desynchronization
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(AWMKL : ié. & Yok ‘fp'aw.l'xlw,«-'/

end-doorease—in-delta activity

39%'{3\ 1790,

Fig. 11, 12
Benactyzine = EEG

Sorkrofpnplor

Thesenpattems were accompanied by clinical restlessness and excitement.

While we did not observe illusory or hallucinatory activity, we did note the

B
me—ﬁnkaflmguagewmﬁugm M j

diethazine, Win-2299 and LSD, {
have been \&jf

PR L oot o

shown to have similar electrographic;and behavioral effects., Fmr-additiomr—
bl “4:—& /MLMCAJ( w.cw\ghua ar ,u(u#uﬁn) 44%4"/ Lol /(g,u Aelacnrol

- Wl ‘:’o- thedr EEG desmchrmiwwmww,

L.l >

Thus, four compounds

betomp - g an Me Ee artan s
fwﬂ&m these compounds have seme common chemical structure, &eeh-io-a—berbiaiiim q(
wa//}uu. IRt o A"E—«j:t—; it 2 (\J”‘
anningsnine-tmbble 2 shmbder diethyl-amino-ethyl organization. ﬁ/u._ 6}
Repeat Fig 1 .y\

«)"P
Wrm W»&f%wl"f' és .M a Il vb}e\




amine—stmiciure —have-hallveinegenie-properviesT

These observations alse amplify our understanding of the convulsive
therapy process, In earlier studies we indicated that the development of
high voltage slow wave activity was the neurophysiologic correlate of
behavioral change in convulsive therapy, and a necessary, though not
sufficient, condition for clinical improvement. During the past ten years,

studies by Bornstein, Tower and McEachern, Ward, Sachs, Ruge and others

/ #e

eh
have noted similarities in the biochemical eems of convulsive therapy

to craniocerebral trauma. They reported that(during convulsi erapy) free

acetylcholine and pseudocholinesterase awe—elewated in the spinal fluid. In

addition, topical administration of acetylcholine induces high voltage burst

and spike activity. Ulett and Johnson emphasized the blocking of these

cholinergic effects by the anti cholinergic %ﬁtropine and scopolamine,
& :

The observation/in this report on diethazine, Win-2299, LSD=-25 and benactyzine

support their observations. Each of these compounds has potent anticholinergic

activity and the clinical behavioral and language effects are opposite to

0 thus
t.h{se described fop convulsive therapy. We may/amplify the earlier conclusion

5 M‘
that the neurophvsiologic evemredede behavioral changes in convulsive therapy



fe
is the development of high voltage slow wave activity' by oﬁfi—ﬁm that
this EEG change reflects an alteration in the acetylcholine-cholinesterase

* 5 ot
relation of the bwedn, probably in the direction of increased cholinergic

activity. f

These observations lend themselves to application in studies of cranio-
s %ﬂ’g

cerebral trauma, The-repei-b-eé‘ Wgrd g the clinicaq. efficacy of high doses
of atropine #m altering the cl;Lnical manifestations of head traum/also noted
that effective doses brought with them severe peripheral effects. It would
be advisable to repeat these studies, utilizing such more potent, more
neurologically specific anticholinergic compounds as Win-2299, diethazine
or benactyzine.

Finally, these observations, and our earlier reports on the significance
of EEG delta activity in convulsive therapy, support the observation of Wikler
(1954) who concluded his report on mesecaline, n-allylnormorphine and morphine
with the comment that: ".... regardless of the drug administered, shifts in

P

the pattern of Aelectroencephalogram in the direction of desynchronization

occurred in association with amxiety, hallucinations, fantasies, illusions or



tremors, and in the direction of synchronization with euphoria, relaxation
O A
or drowsiness," This conclusion, supported by these observations, permit
a more mew meaningful generalization of the recently expressed neurophysiologic -
adaptive hypothesis of the mode of action of somatic therapies in psychiatry.
We may infer that agents that synchronize EEG frequencies, like barbiturate
: o
arid meprobamate in the betajjrange and chlorpromazine, promazine and per-
phenazine in the deltm tend to be sedativef, euphoriant and relaxants;
while agents that evoke EEG desynchronization tend to be excitant and halluc-
£
inogenic, as was noted for diethazine, LSD, Win-2299, benactyzine and mescaline.
In summary, we have observed the effects of various compounds as diethazine,
A
Win-2299, LSD, benactyzine and mescaline on the electroencephalogram and
behaviorg in psychiatric patients at various stages of convulsive therapy.
Behaviorally, these compounds induced increased restlessness, haptic and
visual illusory sensations and delusional thoughts about the subject's illness
or the examiner's identity. The syntactic language patterns described for
Jovhhuall
convulsive therapy/were reversed., Concurrent with these changes were a

decrease in voltage and a desynchronization of all frequencies in the EEG.

In patients with high voltage delta activity, the per-cent time and voltage
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of the delta activity were markedly decreased.

These observations have been discussed in the framework of the common
biochemical structure - that of a substituted diethylanimoethanol - and ,}f/:s/
’l:.he't[;C anticholinergic properties with the conclusion that: {74 fif;‘éﬁ'(

¥

(a) The biochemical basis for convulsive therapykmay be an
alteration in the acetylcholine-cholinesterase relation of the nervous
system, probably in the direction of increased cho;inergic activity.

(b) The recently expressed neurophysiologic adaptive hypothesis
of the mode of action of somatic therapies in psychiatry is amplified to
encompass the action of hallucinogensg ? t is recommended that further
studies of the effects of anticholinergic compounds in craniocerebral

trauma be undertaken, utilizing more neurologically specific compounds

as diethazine, benactyzine and Win-2299.



PR~ S——

Effect of Anticholinergic Hallucinogens on Post Convulsive EEG

and Behavior »
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Effect of Anticholinergic Hallucinogens on Post Convulsive EEG

and Behavior

In 1956 Ulett and Johnson ( ) reported that atropine and
scopolamine blocked the appearance of the high voltage delta
activity usually induced by convulsive therapy. They also noted
that the dose of atropine necessary to affect the EEG was such as
to be associated with unpleasant systemic effects. Reports by
Jenkner d Lechner () describing diethazine as an anticholinergic
compound yith potent neurologic hﬁt minimal systemic effects led
us o und;rtako stvdies similar to those of Ulett and Johnson using
this compound ( ); and these observations, in turn, led to an
investigation of other experimental anticholinergic agents. It
is the purpose of this report to describe clinical and electro-
encephalographic observatinns on the intravenous administration
of various anticholinergic agents in psychiatric patients at various
stages of convulsive therapy and to relate these observations to
hypotheses concerning the mode of action of convulsive therapy ( )

and the physiology of hallucinogens ( ).
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SUBJECTS AND METHOD:

Our subjects were consecutive referrals for convulsive therapy
in an open ward voluntary psychiatric hospital. While varying
numbers of subjects have been studied for each compound, 86 subjects
in 10h experiments have been essayed. Ages ranged from 18 to 67
years, and diagnoses include schizophrenic reactions, manic-depressive
and involutional depressive psychoses.

Patients have been studied at various stages of the treatment
process. The observations were made in acute experiments in the EEG
laboratory. A standard 8 channel EEG recorder and needle electrodes
applied in 17 lead placements following Strauss et al ( ) were
used., In each experiment, the compound under study was administered
intravenously at a set rate per minute, until clinical behavioral
or electrographic changes were observed. The compounds studied have
been diethazine, Win-2299, benactyzine, JB-318, JB-336, and atropine.
Each is a potent anticholinergic agent in vitro. Diethazine
(diethylaminoethyl-N-dibenzoparathiazine), for example, induces

mydriasis and hypotension, suppresses salivation and blocks the
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bradycardia, salivation and seizures of acetylcholine and fluero-
phosphate ( ). Win-2299 (2-dietylam1noethy1 cyclopentyl-2-thienyl-
i
glycolate) and benactyzine (2-diethylaminoethyl benzilate) are
similar to atropine |

synthetic anticholinergic agents/but with pg}ﬂLt central effects
and minimal peripheral effects ( , )« JB-318 and JB-336
(N-ethyl-3-piperidylbenzilate, N-methyl-3-piperidylbenzilate)

| :
are two of a recent series of synthetic anticholinergic zgmnk
compounds of high central potency and high hallucinogenic activity
( ). Diethazine was administered at 25 mgm. per minute for a
total of 175-250 mgmj Win-2299 andbenactyzine at 0.5 mgm. per

minute for 2 to 5 mgm.; and JB-318) JB-336, and atropine at 0.L

mgm. per minute for 1.2 to L.O mgm.



OBSERVATIONS:

(a) Diethazine: As previously reported ( ), the

administration of diethazine in 15 patients prior to convulsive
ron
therapy resulted in a decrease ib voltages and a desychonmization
of all frequencies. Prevailing rhythmic patterns became less
prominent., In some instances, symmetric low voltage 6-7 cps
activity appeared, most prominent in the frontal and anterior
temporal leads. The alpha frequency was not altered, but the

build-up in voltage and the slower frequencies induced by hyper-

ventilation were blocked (Fig. 1).

- - - - -

Fig. 1

In 25 patients during convulsive therapy, with varying
degrees of induced high voltage delta activity ( ) there was a
significant decrease both in voltage and in per cent time of
slow wave activity. From an average per cent time delta of
L5% in the fronte-occipital leads, there was a reduction to

a mean per cent time of 20%. Both random and burst delta
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activity diminished and low voltage alpha and beta frequencies
became prominent. The increase in degree of slow wave activity
on hyperventilation was no longer apparent. These electrographic

effects persisted for one to five hours (Fig. 2).

- .-

Pig. 2

. .-

Concurrent with these electrographic effects, we observed
distinctive behavioral changes. Patients became more irritable
and restless and complained of sensations of un#eality and of
dysthesias of the extremities. Visual illusory phenomena and
delusional thoughts about their illness, the setting of the test
procedure or the examinerjs identity were reported. Their :
syntactic language patterns were characteristically altered in
a fashion opposite to that previously described for amobarbital
( ), so that verbal denial, minimization, cliches, third person

mode and past tense kmmamm¥mxx became less prominent., These

changes were concurrent with maximum electrographic change.
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(b) Win-2299: Reports by Pennes ( ) that an experimental
compound, Win 229?, manifested both potent anticholinergic activiky
and induced excitatory states in man led to our study of this
compound. The observations were similar to those observed with
diethazine. 1In five patients without slow wave activity,
desynchronization of frequencies and decrease in voltages of

all frequencies were noted in four (Fig. 3).

- - - -

'igt 3

-

In 11 patients with high voltage delta activity there was a
decrease in amplitude and per cent time of slow wave activity
with an increase in alpha and beta frequencies. The mean per
cent time delta activity dropped from 50% to 23% (Fig. L).

e
Fig. L

-

Associated with these electrographic effects were clinical
patterns of restlessness and excitement. Patients became fearful
and tense. Visual sensations were reported and in three subjects,

delusional elaborations about their hospital experience were



e
prominent,hese behavioral changes appeared during drug administra-
tion or within ten minutes, and disappeared, at these dosage

to

levels, within two tws three hours.

(¢) Benactyzine: Reports that benactyzine induced EEG

desynchronization ( ) and its structural similarity beth te
d;ethazine and Win-2299 led to our testing of this compound.
Intravenous administration in 12 suqu;té elicited similar
clinical and electrographic patterns. Both in the well modulated
alpha record and in the record with high veoltage delta activity,
desynchronization was prompt. Delta activity decreased from a
mean per cent time of 39% to 17% in 8 subjects (Figs. 5, 6).

.

Figs. 5, 6

These electrographic patterns were accompanied by clinical
restlessness, irritability and excitement. Artifact-free recording
difficult.
was more ziffmrent The illusory sensations and delusional
thoughts seen with the initial compounds were mot noted at these

dosage levels. In patients with manifest disorientation and

language changes associated with convulsive therapy ( ), however,
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there was an alerting and a reversal of the language patterns.

(d) Piperidylbenzilates: Following recent reports by

Abood ( ) that various piperidylbenzilates both manifested
anticholinergic activity and induced hallucinations in psychiatric
subjects, we tested two of theme, JB-318 and JB-336 in 2L subjects.

The electrographic patterns were identical to those other

: desynchronization was during
experimental compounds. Onset of HEzymghrsmxzaix

injection or within 15 minutes and persisted for one to four
hours (Figo 7, B)c

T A G - -

Piga. 7, 8

-

onization was observed,
In each instance in which desynchrsimixx
¢linical restlessness and excitement, illusory and hallucinatery
activity were noted, and were concurrent with the electrographic

changes. In two instances the behavioral changes were halted

by the subsequent intravenous administration of chlorpromazine.



(e) Atropine: Continuing our study of anticholinergic
compounds, we administered atropine intravenously in 12 subjects,
in dosages of 0.8 to L.Omgm. Systemic effects were prominent
during the injection with increased respiratory rate, pallor,

dial

dry skin and dry mouth, precori#azix complaints and marked tachy-

cardia (Figs. 9, 10).

e o B e . TN D o G o 0w

Figs. 9, 10

W G - -

Subjects begamme restless and fearful (as did the obuervo::;) and
Smehxzynpianzxxrrexpraninenixasxis
recording became difficult, Within ten minutes these symptoms
subsided and the subjects became drowsy and relaxed.

In subjects without delta activity little change was seen
in the initial record, to be followed during the period eof

lassitude by decreased voltages, desychronization and inecreased

slowing (Fig. 9).

Pign 9

In subjectx with delta activity, there was an initial decrease in

voltage and per cent time of such activity during the period of
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restlessness, following by an increase during the period of

quietude (FPig. 10).

-
- e - - - -

Fig. 10
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DISCUSSION:

1]

Various compounds with measurable ;nmicholinorgic;activity
have thus been shown to have similar electrographic and behavieral-
effects. These experimental compcuﬁds exhibiting the greater
facility in altering electrographic patterns have a common
structure each containing a pertiary nitrogen with a diethyl
linkage to varying roots (Fig. 11); while atropine, relatively
impotent in altering electrographic patterns contains a quater-
nary nitrogen. Behaviorally each compound induces stimulating,
excitatory and illusory anrnd hallucinatory activity. Electro-
graphically each induces desynchronization of frequencies, and
decrease #n voltages, most prominent in subpcts with delta activity

c v

following therapeutically induced wonwulsions.

(a) Convulsive therapy process:

These observations amplify our understanding of the
convulsive therapy process and of the induced EEG slow wave
activity. In earlier studies we indicated that the development
of high voltake slow wave activit} was the neurophysiologic

correlate of behavioral change in convulsive therapy, and a
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hecessary, though not sufficient, condition for clinical
improvement ( ). During the past ten years, numerous authors
including Bornstein, Tower and McEachern, Ward, Sachs, Ruge
have reported similarities in the biochedmical changes of the
central nervous system in convulsive therapy to that seen in
eraniocerebral trauma ( ). They observed an increase in
cholmergic activity as manifest by an elevation of free
acetylcholine and pseudocholinesterases in the spinal fluid.

In addition, the direct increase in central nervous systenm
acetylcholine activity by topical administration of acetylcholine
induced high voltage bursts and spike activity. Ulett and Johnson (
emphasized the blocking of the behavioral and electrographic effects
by the anticholinergic activity of atropine and scopolamine.

The observations in this report on diethazine, Win-2299,
benactyzine and the piperidylbenzilates suppert their observations.
The potent anticholinergic activity of each of these compounds (with
apparent predominant locus of activity in the central nervous
system) amplifies the suggestion that the bhochemical basis for the

induced slow wave activity of convulsive/ therapy results from



«13-

an increaced levoqbf central acetylcholine-cholinesterase
activity. Support for such a hypothesis is also seen in the
considerable degrees of slow wave activity observed after the
administration of DFP (di-isopropylrluorophoaphuto) - a potent
cholinesterase blocking agent,

While these observations demonstrate that anticholinergic
compounds are effective in reducing slow wave activity, .reports
of other compounds with similar oftact4havo also appeared.
Amphetamine (Benzedrine) ( ), mescaline ( ), lysergie
acid diethylamide ( ) and diphenhydramine (Benadryl) ( )
have been reported as reducing post-convulsive slow wave activity.
These compounds are primarily described as sympathomimetic and
antihistaminic in pharmacologic activity, yet each has excitatory
and stimulating effefcts on behavior ( , , , )« The
relations of these observations to those seen in this report
are possibly best assessed in relation to synaptic activity.

In a study of the effects of various agents on the EEG and

behavior of unanesthetized cats with chronic implanted electrodes,
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Bradley and Elkes ( ) postulated the existence of two, or
possibly three, types of interecting chemoresponsive receptors
within the central nervous system: cholinergic, non-cheolinergiec
susceptible to amphetamine, and ncen-chelinergic susceptible to
LSD and tryptaminic dertvatives. Marazzi and Hart ( )
exploring intercorticel (transcollesal) partways in the cat,
described the effects of various compounds on the evoked potentials
on direct electrical stimulation., They postulated the presence
of two chemoreceptive potentialities of the synapse - cholinergiec
and adrenergic -« with opposing stimulatory and inhibitery actioen.
In both constructs, the administration of antijchelinergic agents,
or of sympathomimetic a2gents, results in equivalent synaptic
electrical effects. Thus adrenaline, amphetamine, mescaline and
LSD inhibit the electrical activity recorded afcroas a synapse,
An ddentical effect 1s achieved with atropine.

In the light of these suggestions, the present experiments
permit a more specific hypothesis regarding the pharmacologic
basis of the convulsive therapy process. Repeated induced convulsions

leads to an increase in synaptic cholinergic activity with an
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increase in the level of electrical activity of the central
nervous system, which is recorded by surface electrodes as
augmented high voltage slow wave activity. Administration of
enticholinergic agents reduces the levaﬂof synaptic activity,
resulting in a decrease in the manifest cortical electrical
activity to pre-convulsive levels. The administration of
sympathomimetic agents, however, also achieves the same electrical
effedcts, not by altering the lechot cholinergic activity but

by increasing the level of adrenergic activity. The manifest

slow wave activity, so prominent and so persistent in the waking
EEG of the post-seizure state ( ) may thus be related to a
persistent alteration in synaptic transmission activity of large
numbers of cells of the centraﬂparvcus system, The delicate
nature of this balance is seen in the ready reversibility with aX
alerting ( ), time ( ) and the wide variety of pharmacologic
agents noted here. Repeated induced convulsions may thus be

described as a device to create biochemical changes in the brain
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for their resulting behavioral effects. Such a formulation is
consistent with the view that convulsive therapy is a non-specific
therapeutie process ( Yo

The initial suggestion ( ) that the pharmacologic basis
for the convulsive therapy process may lie in an alteration in =mzmiytzksi
acetylcholine-cholinesterase relationships, can, thus be focused
on the alteration in the level of synaptic activity. In this

hy

regard, the observation that diphenkydramine , primarily an
anti-hystaminic agent, also reduces slow wave activity of induced
convulsions ( ), and the observaticnes by Sachs ( ) that increased
amount of serotinin appear in the spinal fluid after convulsions
suggest that this image of synaptic activity in convulsive therapy
is oversimplified. Nevertheless, further animal studies of the
effects of various drugs on the post-seizure electrical activity

are warranted.

(b) _Neurophysiology of hallucinogenic activity:

These observations of anticholinergic compounds on EEG

delta activity also may be related to concepts of hallucinogenic

activity. Each of the compounds studied induced excitatory



behavior including #llusory and hallucinatery phcnomena.* Here,
too, synaptic models may be useful. Sympathomimetic agetts, as
mescaline, LSD, and amphetamine, and anticholinergic agents as
those described here, are equally potent hallucinogens, The
neuropharmacologic basis for such behavior may be characterized

as an alteration in synaptic balance in the direction of increased
inhibition (decreased transmission) of stimuli.

The eclinical efficacy of convulsive therapy in modifying
hallucinatory activity may thus lie in an alteration at this
biochemical level. Equally significant are the effects of other

cin
known anti-halluemiogens, as chlorpromazine and reserpine, on
electrical activity. Both compounds induce EEG hypersynchrony
in man ( ), block the EEG desynchronizing effects of LSC and
medcaline ( ), and in animal studies, block LSD and mescaline
behavieral and electrographic effects ( ,). The non-specific

nature of the neurophysiolegic basis of experimental hallucinatory

activity is thus emphasized.

In the doses used, hallucinatory phenomena were not observed

for benactyzine. A report of such activity was reported at
higher dosage ( ).



