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CHOLINERGIC ASPECTS OF CONVULSIVE THERAPY

MAX FINK, M.D:!

{Vhile the mode of action of convulsive
(herapies remains enigmatic, one theory
polds that the early development and per-
astence of changes in brain function are
requisite to changes in behavior (18, 21,
7). A useful index of neurophysiological
change is the appearance of high voltage
dectroencephalographic slow wave activ-
ity (22, 23). While the biochemistry of this
getivity 1s  poorly understood, demon-
grations that it is inhibited by anticholin-
grgic compounds (19, 20, 34, 66) suggest,
that cholinergic systems may play an active
part.

The EEG patterns and the response to
aticholinergic drugs in convulsive therapy
gre similar to experimental and elinical
head trauma and, to a lesser extent, spon-
uneous seizures. Changes in concentration
of cholinesterases in brain and spinal fluid
slso show many similarities in these con-

-, 1961. ¢

&

: ditions. This review discusses these obser-
wo, P. Blood aminOA a“'hid Fl?‘.’e:" ’ rations to provide a hypothesis for the role
i’ll'?,, cfg?g G Rl 2: of cholinergic changes in convulsive ther-
Aigh;: R. .Body fluid indoles in menﬂ 1py.
wss. Int. Rev. Neurobiol, 8: 251-28, '8 'qy. activity of acetylcholine in the
."]11 = °F " Binfenistid of schizuphrenh."_fi mansmission of nervous impulses has been
_::f;q'd\hd J., 39: 26-33, 1963, 4 atensively studied since the early descrip-
e, H. Indole metabolism in mental il Juons by Dale (12) and Loewi (38). A
=, Clin, Chent, 72 203__2]‘%0’ ig?jli. il + onstituent of nervous tissue. in a bound
ll]“-‘"hgr'n;\c(‘)lﬁg?cu?h;l:g’ges'ﬁ'on alt)mut cer- 4 o, acetyleholine is liberated during the
n x}:mAntal disorders. Science, 119: 587-88, 8 wcitation process. It is rapidly hydrolyzed
M. ) . ~ Jtrough the mediation of acetyleholines-
dley, D. W. T"\‘T’ Blg.”h‘f{m;%%l,, Bases ~ qunase and is rapidly reconstituted by the
prslonnce: Wles. Jes YR S - oline-acetylase system (45). Free ace-
tleholine has not been measurable in nor-
ul cerebrospinal fluid despite the rapid

reakdown of bound acetylcholine during
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periods of activity and excitement (63).
But the normal cerebrospinal fluid does
have measurable cholinesterase activity
(41).

CHOLINERGIC ASPECTS OF CRANIOCEREBRAL
TRAUMA

Free acetylcholine was found in the
cerebrospinal fluid of cats within a few
minutes after experimental head trauma
and persisted for varying periods up to 48
hours. The quantity of free acetylcholine
varied between 2.7 and 9.0 gamma,/100 ce,
and the amount was related to the degree
of induced trauma (6).

Concurrent electroencephalograms first
demonstrated high voltage fast activity,
interpreted as evidence of an intense
neuronal discharge, which was succeeded
by a short period of flattening of all re-
corded electrical activity. These phases
were followed by prolonged periods of
high amplitude sharp waves in the delta
frequencies.

The behavioral changes related to the
degree of induced trauma and to the
amount of measured free acetyvlcholine.
With higher levels of acetylcholine, Born-
stein (6) reported greater degrees of EEG
abnormality and greater changes in con-
sciousness.  Spontaneous  post-traumatic
seizures were also related to the amount of
free acetylcholine measured in the cere-
brospinal fluid.

Bornstein applied acetylcholine to ex-
posed cat cerebral cortex. When the con-
centration of acetylcholine was one
gamma/100 cec or less, high amplitude
sharp waves of low frequency appeared in
the electroencephalogram. When the con-
centration was increased to two gamma,/100
ce, the electroencephalogram flattened in

[2]]
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a fashion parallel to the post-traumatic
records,

Investigations in neurological patients
by Tower and McEachern (63) demon-
strated free acetylcholine in the cerebro-
spinal fluid only in patients with recent
head trauma, recent grand-mal seizures or
after electroconvulsive therapy. Free ace-
tylcholine varied from 0.2 to 100 gamma/
100 ce. In assaying spinal fluid cholinester-
ase activity, they noted a sharp rise in the
butyryleholinesterase fraction and a fall in
the acetylcholinesterase fraction in patients
with head trauma and following convulsive
therapy. After spontaneous seizures, how-
ever, the cerebrospinal fluid did not exhibit
such inversion although it contained free
acetylcholine. They concluded that the level
of free acetylcholine varied directly with
the degree of cerebral damage and that re-
versal of cholinesterase fractions was a
more sensitive indicator of cerebral damage.
Electroencephalograms taken at varying
intervals following trauma also indicated
a relation between the degree of EEG ab-
normality and the appearance of free ace-
tylcholine in the cerebrospinal fluid.

Increased acetylcholine in rat brain after
traumatic shock was also reported by
Kovach et al. (36). This acetylcholine ac-
tivity was inhibited by the administration
of atropine in vitro.

The electrographie, behavioral and neu-
rologic sign= of head trauma were hlocked
by the parenteral administration of 0.5-
1.0 mg kg atropine. as were similar elinical
changes occurring after the intracisternal
addition of acetyleholine (6). Ward applied
these observations to the treatment of
closed head injuries. In 20 patients with
varying degrees of trauma, he administered
atropine subcutaneously in doses of 0.1
mg kg, noting clinical improvement in
some and a reversal of the electrographic
effects in others (67). The same changes in
the post-traumatic electroencephalogram
were reported by Jenkner and Lechner in a
study of diethazine, another anticholiner-
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gic drug. A single intravenous dose ip 40
patients resulted in normalizing the ab.
normal electroencephalogram in 29 ang
marked improvement in six others (33).

Similarly, in experiments of Dost-tray.
matie shock and cerebral edema in animalg
Denisenko (13) reported a blocking of‘
the clinical changes by such anticholinergic
compounds as methylbenactyzine and
adiphenine (Trasentin).

Thus, the amount of free acetylcholine
may increase in the spinal fluid following
craniocerebral trauma and the amount of
free acetylcholine, the degree and type of
electroencephalographic abnormality, and
changes in clinical behavior appear as .
terrelated phenomena, which may be re.
duced by the administration of anticholin.
ergic drugs.

BRAIN ACETYLCHOLINE AND
ANTICHOLINERGIC DRUGS

The effects of the direet application of
acetyleholine to the central nervous systen

may also be blocked by anticholinergic .
drugs. The administration of the cholines-

terase inhibitor di-isopropyl fluorophos-
phate (DFP) elicited high amplitude rapid
frequency EEG patterns similar to status
epilepticus and some post-traumatic states
(24. 31. 32. 68). These EEG effects were
blocked by small doses of parenteral
atropine and scopolamine. The great in-
crease in acetylcholine after tetraethyl
pyrophosphate (TIEPP) was measured and
related to the toxie effects and the induced
convulzions (29, 59},

AT e o

Chatfield and Dempsev (9) prepared d
exposed animal cortex with prostigmine =

I

and evoked electroencephalographic spike
administration of
atropine blocked the appearance of spiking, -

activity. The prior
or if present, this electrical activity could
be eliminated by atropine.

In contrast to these findings, Brenner
and Merritt (7) applied topical acetyl-

choline in concentrations of two and one-
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- of cats and noted no effect on the electro-
encephalographic changes after intraven-
ous atropine (one mg/kg). The concentra-
tions of acetylcholine in these experiments,
powever, were higher than the topical ap-
lications (one to four gamma/100 cc)
gnd the intracisternal (0.2-10 gamma/100
c¢c) injections of Bornstein (6). Brenner
and Merritt (7) also noted electroenceph-
glographie effects similar to acetylcholine
after methacholine (Mecholyl) and car-
pamylcholine (Doryl) in concentrations
much lower than the acetylcholine con-
centrations. They ascribed the increased
effectiveness of these cholinergic drugs to
their lack of sensitivity to cerebral cho-
linesterases.

These data are conflicting and further
study 1s necessary to qualify this issue.

BRAIN ACETYLCHOLINE AND
ANTICHOLINERGIC DRUGS

CEREBROSPINAL FLUID ACETYLCHOLINE
AND SEIZURES

One view of acetylcholine metabolism
finds it in nervous tissues in an inactive
and bound form. During periods of activity,
seetylcholine is liberated at the cell mem-
brane where it is rapidly deactivated by
cholinesterases. The amount of bound
acetylcholine is the resultant of the con-
tinuous processes of synthesis, liberation
and breakdown (15). It has been postu-
lted that the level rises during sleep and
ialls during waking activity (16, 29, 45,

Feets of the direet application of
uline to the central nervous system
-0 be blocked by anticholinergis
he administration of the cholines.
nhibitor di-isopropyl ﬁuoroph‘
YFP) elicited high amplitude rap
v EEG patterns similar to statn'sj‘
us and some post-traumatic states
32, 68). These EEG effects were
by small doses of parenteral
- and scopolamine. The great in-
in acetyvlcholine after tetraethyl & g),
<phate (TEPP) was measured and  ~  Tohias ef al. (60) reported jncreased free
to the toxic effects and the induced o ind total acetyvlcholine after chloroform
ons (29, 59). : ad pentobarbital anesthesia in rat and
ield and Dempsey (9) prepul:@ fog brain but no changes after strychnine
animal cortex with PFOStigmfP‘: or pictrotoxin convulsions. Richter and
Jked electroencephalographie spike Crossland (45) measured the level of ace-
. The prior administration .'d tyleholine (microgamma per mg brain tis-
» blocked the appearance of spiking we) during anesthesia and sleep in rat
esent, this electrical activity co brain to be 300 per cent higher than post-
inated by atropine. sizure levels. The difference in tissue levels
ntrast to these findings, Brennel Ty i transient, however, as the resynthesis
erritt (7) applied topical acet)’}; nute for acetylcholine in rat brain is high
in concentrations of two and ‘;; lseven gamma/gm/minute). These obser-
ten per cent to the exposed coﬂg 1 ‘ations were confirmed by Elliott et al.
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(16) and Crossland and Merrick (11).
Giarman and Pepeu reported the in-
crease in acetylcholine following various
depressants to be roughly proportional to
the degree of depression of the central
nervous system and the reduction in motor
activity (29). Maynert and Buek, how-
ever, studying brain acetylcholine levels
during sedation concluded that some seda-
tives were associated with elevated brain
acetylcholine but that no rigorous rela-
tionships existed (39). In part, this may
be related to the earlier observations of
McLennan and Elliott (40) that acetyl-
choline synthesis measured in rat brain
slices is accelerated by low dosages of nar-
cotic drugs, but inhibited by high dosages.

Free acetylcholine was reported in the
spinal fluid in patients with epilepsy (10,
631. Of 56 epileptic patients, 44 demon-
strated free acetylcholine in quantities of
0.02 to 5.0 gamma/100 cc with an average
of 1.0 gamma/100 ce. Acetylcholine levels
were related to the frequency of seizures,
the extent of electoencephalographic ab-
normality, and to the time since the last
seizure, but bore no relation to medication,
type of epilepsy or level of cholinesterase
activity. Elliott et al. (16) also noted free
acetylcholine in the spinal fluid in concen-
trations up to three gamma,/100 cc after
pentylenetetrazol (Metrazol) convulsions.

Tower and JMcEachern (63) viewed
the increased acetylcholine as a by-product
of the seizure and not causal. Studying the
hypothesis that seizures were induced by
the accumulation of acetylcholine, Torda
(61, 62) measured the level of acetylcholine
in brain tissue after pentylenetetrazol con-
vulsions. She noted a rise in the acetyleho-
line content of brain before and a fall dur-
ing the convulsion. Below certain levels of
acetylcholine, convulsions failed to oceur.
She suggested that the fall in tissue acetyl-
choline during a convulsion was due to the
inhibition of acetyleholine synthesis by in-
creased concentrations of metaholites such
as ammonium ions.
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Giarman  =o4  Fe=peu  also  measured
changes o rervous system ace-
tvlcholine - various  stimulants

thacholine and 3,5-
I-z.zrbiturate was there
= in the acetylcholine
=z deerease in associa-
tion with ronvulsions, With other
drugs wi they elassified as stimulants
(LSD. iprocizzid. ir roniazid plus hydroxy-
tryptophan. zpd irroniazid plus DOPA)
there were =o chanzes in the acetyleholine
level. They concludsd that despite intense
excitation troduced by these compounds,
there were Lo ehznges in acetylcholine
levels unle== these were accompanied by
convulsion-. 1 The differences in observa-
tions betwe-n these obzervers and Cone et
al. 1101 ar+ Tower and McEachern 163)
mav he related to the differences in meth-
Od:‘: of biorremical measurements, for the
latter mez-ured changes reflecting free
acetvicholice only. while Giarman and
Pepéu 129 mea=ured total acetylcholine
including bound and free forms of acetyl-

(29). Onx

i

et ni

choline.
Thexe studies suigest that spontaneous

or induced seizures are accompanied by an
increase i intercellular free acetylcholine
liberated freon its bound form which may
be reflected 1. the spinal fid. Cerebral ac-
tivity ard seizures enhance acetylcholine
destruction. lowering tissue levels of acetyl-
choline. while sleep and anesthesia aug-
ment acetaleholine production ipcreasing

tissue levels.

CENTRAL NERVOUS SYSTEM
CHOLINESTERASES

Tower and MeEachern (63, 64, 65) also
measure:d =pinal fluid cholinesterase activ-
ity. By reporting cholinesterase activity as
a ratio ol the rate of hydrolysis with two
substrate= compared to an acetylcholine
substrate.  acetvlcholinesterase/acetyleho-
line and butyryleholinesterase/acetylcho-
line ratio~ are derived. Normal cerebro-
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spinal fluid contains these esterases iy pryor Al
ratio of 33:17. the ppeated
In patients with head trauma, Tower &m;‘ After a4
McEachern reported an inversion of the grved 10
cholinesterases with an increage in ¢ mty]clmi
butyrylcholinesterase of the spinal g uid jated tO 1
a'nc.l a decrease in acety]cho]inestemse ance-
tivity. The extent of the cholineste The pet

fuid :lfh:
despite 1
may be 1
geetylehol
(o concen
At “physi
of acetyl
mieroseco!
centration
In contra
iyleholine
the rate

ereased ¢

reversal was related to the severity o
trauma and to the degree of EEG abnor.
mality. A similar reversal was observed }
patients undergoing convulsive therapy,

In patients with elevated sping] fluid
acetylcholine after spontaneous seizureg.
however, no change in the ratio of cholines.
terases or total cholinesterase activity W :
found. 25

Changes in cholinesterase activity may
be related to changes in cell membrang
permeability. Acetylcholinesterase ig found
in highest concentration in the centra) nery

ous system while butyryleholinesterase pre- These

dominates in other tissues, especially b](,odY of the ind:
serum. With increased cerebral acety conttia:
choline. vasodilation and inereased cellul o br: ‘
permeability may be predicted, with v mel-n.-“}m
cular fluid transudation varying with M.tmt_“ I
extent and duration of the vasodilation ?;ﬁ;?:::

(35). Spiegel. Spiegel-Adolf and their
coworkers (54-58) demonstrated such per-
meability changes and inereased conduetiv.
ity of the tissues associated with the ap.
pearance of various ions (as potassium
and phosphatei in the spinal fluid follow-
ing electrically induced convulsions. Such

hydrolysi~
reached 1
elzure it-
acetvlcho!
fuets

altering

Vst

non-electrolytes as nucleic-acid splitting meluding
enzymes also increased. Changes in cellular ad in T
permeability may be the basis for the high the activi
concentrations of acetylcholine and in efficiency
creased concentrations of butyrylcholins kinetics,

slies to Jen
acetyichol

That changes in cholinesterases may be Choline.
large and measurable is suggested by the s a reflec
recent demonstrations that neural stimulas ¥ lulay fwid
tion and learning produces changes I membran
brain weight and acetylcholinesterase a¢- treased qq

tivity (37, 49). Following these reports,
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pryor and Otis (43) studied the effects of

eated induced seizures in Wistar rats.
yjter ax little as four weeks, they ob-
:'('!'\'Cd increases in brain weight and in
;ﬂ,t}-lcholinesterase activity which was re-
ted to deerements in behavioral perform-
ance.

The persistenee of acetylcholine in spinal
guid after head trauma and after seizures
despite increazed cholinesterase aetivity
may be related to the sensitivity of the
qeetylcholine-acetylcholinesterase  system
1o concentration relationships (8, 41, 635).
At “phy=iologic” eoncentrations, hydrolysis
of acetylcholine is rapid (three to four
microseconds) but at higher and lower con-
centrations. the activity falls off quiekly.
In contrast. the butyrylcholinesterase-ace-
wlcholine relationship is non-specifie. and
lil(‘ rate of hydrolysis increases with in-
creased concentration.

These relationships relate to theories
of the induction of seizures. While the usual
concentrations  of acetylcholine at cell
membranes are destroved by the specific
activity of acetylcholinesterase in a few
microseconds, an excessive concentration
jollowing excitation may exceed its rate of
hydrolysis. The seizure threshold may be
reached and a seizure induced. with the
wizure itzelf adding to the amount of free
acetylcholine. Increased acetyleholine af-
jects vaszcular and cellular permeability
altering the concentrations of. various ions,
meluding  butyryleholinesterase in tissues
and in the cerebrospinal fluid. Through
the activity of this esterase, though of low
efficiency and depending on concentration
kinetics, acetylcholine is reduced in tis-
stes to levels for the more direct action of
acetvlcholinesterase.

Cholinesterases appear in the spinal fluid
s a reflection of their increase in intercel-
War fuids resulting from changes in cell
membrane permeability accompanying in-
rreased acetylcholine.
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HYPERSYNCHRONY AND INDUCED
CONVULSIONS

EEG

The significance of high voltage EEG
slow wave activity for the convulsive ther-
apy process has been repeatedly described
(22, 23, 50, 51). In the usual course of con-
vulsive therapy, inter-treatment electro-
encephalograms record progressive in-
creases in amplitude and in theta activity
and a reduction in beta activity. As treat-
ment continues, delta activity appears in
bursts and eventually is the dominant
activity in all leads. These changes are
directly related to the number and rate of
induced convulsions and are not specific
for a method of induction. While some
relationships to type of electrical current
have been observed, all seizure inducing
methods—electrical, intravenous chemieal
or inhalant—exhibit the same type of EEG
pattern changes (21, 22, 23, 30).

The early appearance of high degree hy-
persynchrony and its persistence through-
out a treatment course has been found to
be prerequisite to improvement. Both the
electrographic and the behavioral changes
of induced convulsions are transiently re-
versed by the acute administration of ex-
perimental anticholinergic compounds (19,
20). The intravenous injection of dietha-
zine, benactyzine, the piperidvibenzilates
JB-318. JB-336 and JB-329 (Ditran), and
WIN-2299 induced EEG desynchroniza-
tion in psychiatric subjects. These EEG
changes were associated with behavioral
alerting, anxiety, tremors. illusions and
hallucinations. In patients who had re-
cently received electroconvulsive therapy
there was a reduction in slow wave activity
and a reversal of euphoria, denial and con-
fusion. Atropine, in low doses, was also as-
sociated with EEG desynchronization ac-
companied by tachyveardia, nervousness
and tension. At higher dosages, hypersyn-
chronous slow waves followed by lower
voltage, poorly organized delta activity
with superimposed beta activity was ac-
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companied by progressive confusion and
disorientation.

The effect of anticholinergic drugs on
the slow wave activity of convulsive ther-
apy was also assessed by the chronic ad-
ministration of atropine (five mgm per
day) and scopolamine (one to three mg)
during the weeks of treatment. The amount
of EEG slowing was significantly less than
n a control group (66). The samples were
too small for a clinieal correlation but the
data are consistent with blocking of the
clinical effects of electroconvulsive therapy.
Marked improvement was reported in two
of seven atropine-treated, none of five
scopolamine-treated and in four of the six
controls receiving unmodified ECT. This
study was not replicated by the authors
who suggest that dosage factors or popula-
tion changes may have contributed to the
different results in a second study (34).

As in cerebral trauma, the electrographic
changes of induced convulsions may be
modified by the administration of anti-
cholinergic drugs suggesting that increased
amounts of acetylcholine or increased cho-
linergic receptivity is associated with the
high voltage slow wave activity.

ACETYLCHOLINE AND INDUCED
CONVULSIONS

Despite a constant application of treat-
ments, however, there is great variability
in the time of appearance, the duration,
amount, and sensitivity to modlﬁcatlon
by alerting, hyperventilation and bar-
biturates of the electrographic slow wave
activity in psychiatric populations (30).
These differences relate to differences in
central cholinergic aectivity. The failure of
certain patients to develop hypersynchrony
may be associated with the absence of
free acetylcholine and with minimal
changee in cerebral function, thus preclud-
ing a clinical response to induced convul-
sions, Tower and McEachel‘n (63), 1n thelr

s s s R

study of eraniocerebral trauma, mcluded
“’b~er ations of six pqychlatrlc patlemC

undergoing convulsive therapy. \tudymg
the patients alter three to seven treat.
ments they reported free spinal fluid ace.
tylcholine in two patients, and an incregage
in butyrylcholinesterase and a decrease ; in
acetylcholinesterase with a reversal of the
ratio of cholinesterases in five of the siy
patients. Only one patient in the Serieg
failed to show either free acetylcholine or
a cholinesterase ratio reversal in the sping|
fluid and of this patient the authors stateq,
“It is interesting that this patient was the
only one of the six to show no response to
treatment.” They concluded that the =p1na|

i

fluid changes in induced convulsions w Werp

“cerebral “permeability” and enha

more like those of craniocerebral traumg
than those of spontaneous epilepsy.
Other evidence of alterations in the per-
_meability barrier r may be seen in the dem.
'nctxatlon- of an inereased concentratiop
of cocaine in brain tissues three days after
a series of 12 induced convulsions (1). The
change in concentration of this large mole.
cule, ordinarily absent in brain tissue, was
ssocmted with the appearance of hvper-

vochrony (delta bursts) in the electro- '

encephalovram.

From these observations we would con-
clude that induced convulsions, like cranio-_
_cerebral trauma and spontaneous seizures,
“are aasoc:ated with an mm rease n hee ace-
tylcholine in intercellular ﬂuzds altermg
cing _the
appearance “of cholmcsjemsps The level of
Tree acetylcholine is maintained by re-
peated induced seizures. EEG hypersyn-
chrony 1is one reflection of altered levels of
acetylcholine and the altered permeability
of electrolytes and other substances, in-
cluding cholinesterases. The changes in in-
tercellular electrolytes, including acetyl-
choline, provide the biochemical substrate
for the persistent behavioral changes and
EEG hypersynchrony following induced
convulsions.
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c][OLl.\'E.\'TEHASES AND THE CLASSIFICATION

craniocerebral trauma, inclyg
OF PSYCHOSES

ns of si}f psvchiatric Patients
r convulsive therapy. Stydyin.
nts after three to seven tl‘eat."?ﬂ"-
v reported free spinal fluig %e.""
in two patients, and an incregss.
Icholinesterase and a decregge in
‘inesterase with a reversal of the
‘holinesterases in five of the m
Only one patient in the Series
show either free acetyleholine or
-terase ratio reversal in the spin.]l
of this patient the authors stated,
resting that this patient wag the
of the six to show no response g
" They coneluded that the spinal
1iges in induced convulsions wepe:
- those of craniocerebral traumg
-¢ of spontaneous epilepsy. :
wvidence of alterations in the pcxu
- barrier may be seen in the dem.
ns of an increased concentration
e in brain tissues three days after
f 12 induced convulsions (1). The
1 concentration of this large mole- -
marily absent in brain tissue, was
d with the appearance of hypers
v (delta bursts) in the electro-
ogram. .
these observations we would con-
it induced convulsions, like cranio-
trauma and spontaneous seizures,
‘lated with an increase in free ace-
e in intercellular fluids, altering 3
permeability and enhancing the =
«ce of cholinesterases. The level of =
tylcholine 1is maintained by re= 4
‘nduced seizures. EEG hypersyn- &
s one reflection of altered levels of
oline and the altered permeability
-olytes and other substances, in=
~holinesterases. The changes in = ,:’
ar electrolytes, including acetyl
provide the biochemical substrate =
persistent behavioral changes and‘
ypersynchrony following ind
ons. .

st

L

an application of these conclusions is
scon in the studies of the prediction of the
convulsive therapy response and the clas-
dfication of psvchoses.

Funkenstein et al. (25-27) reported a
rc]ationship between the blood pressure re-
gonse to methacholine and the clinical
response to convulsive therapy. Immedi-
gtely after the injection of methacholine
the blood pressure falls, usually returning
10 the baseline within five to 20 minutes.
3 return within five minutes places the pa-
dents in Groups I, IT or III; while a re-
wrn after 20 minutes place the patients in
Groups VI and VIL. Group I and Groups
[I-III have a nine per cent and a 35 per
cent recovery rate, respectively, while
Group VI and Group VII subjects have
89 per cent and 97 per cent recovery rates
1o induced convulsions (27). Group I, II
and III reactors may be looked upon as
patients in whom methacholine is rapidly
hvdrolyzed: while Groups VI and VII have
a slow hydrolysis rate. (The response to in-
jected epinephrine was suggested as a
second criteria in the classification, but is
of limited diseriminating value [48].) While
we have no biochemical explanation for
the differences in the metabolism of metha-
choline in these psychiatric groups, it is
possible that the blood and tissue choline-
terase activity levels of Groups I-11I are
high while those of Groups VI-VII are low
compared to general psyvchiatric popula-
tions.

The differences in blood cholinesterase
levels in normal and mentally ill subjects
have been extensively studied. Despite dif-
ferences in methods (4, 5), elevated cholin-
esterase levels compared to normal popula-
tions have been reported for depressive
wbjects (44, 46, 47, 52), schizophrenie sub-
leets (14, 28, 53) and a mixed psychiatric
population (42). Alpern reported lowered
tholinesterase levels in schizophrenic sub-
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jeets (2). While these studies appear in-
conclusive, they provide data that the vari-
ations in blood cholinesterase levels are
generally greater and frequently elevated in
the mentally ill. Negative reports include
the failure by Ellman and Callaway (17)
to confirm Rubin’s study; and Altschule’s
review of the data suggesting no abnormal-
ity of cholinesterase levels in the mentally
ill (3).

CONCLUSION

Thiz review summarizes some of the
available data suggesting that cholinergic
mechanisms may be central to the convul-
sive therapy process. Induced convulsions
are associated with cerebral vasodilation
and increased cellular permeability,

fol-
Towed Ty the_appearance ol _herdased
amounts of enzymes and electrolytes in
“Intercellular and cerebrospinal fluids. The
e . bt AR € s T B -
increase m acetylcholine, vasodilation and
“increased permeability appear as interre-
lated phenomena associated with trauma,
Serztresand induced convulsions.
“These biochemical changes accompany
increased electrical hypersynehrony which
is recorded as EEG slow wave activity in
sealp electrodes and whieh can be modified
by the acute and chronic administration of
anticholinergie drugs as atropine, benacty-
zine, diethazine, procvelidine and various
piperidyl-benzilates.

In these regards, induced convulsions

are_more_similar_to_cerebral trauma than
‘Eaispontanepus seizures.
""The changes in cerebral biochemistry
alter cellular activity sufficiently to affect
consciousness and the behavior of subjects.
Failure to induce persistent biochemical
changes, including the concentration of
acetylcholine, results in failure to produce
behavioral change.

There is, as yet, no consistent evidence
for differences in the sensitivity or depend-
ence of populations on cholinergic mecha-
nisme. Differences in the rate of develon-
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