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CHEMICAIL BASIS FOR PSYCHOSI5

NEUROPHARMACOLOGICAL CONTRIBUTIONS
TO OUR PRESENT CONCREPY

Edward V. Ecarts

11 the following chupter, Edward V. Kvarts repots nenropharmacologieal
sxperiments in monkeys wnd cats, Thes contribute to onr knowledge of
drogs which in bumans cause wental alterations, often of & psychotic
nature. The results of tese experiments e cvadiated by the anthor in

relation to their relevance to a chenteal coneept of pavchosis,

INTHODUCEINN

Within recent vears three discoveries have Jed to increased

prominence of psvcliotomimetic agente as research toals in
swperimental psychiatry. These three discoveries were: firsl, the dem-
emstration of the remarkable psvehological actions wud poteney of
lysergic acid dicthylamide (LSD): second, the isolation and chem-
ical identification of 5-hvdrosetryptamine (31T (10, 30% and third.
the demonstration that 18D is a potent antagonist of 5-HT i vitro
{19, 41). tn this chapter nenropharmacoloicad studics in animals on
the basis of these three fundamental diseaveries are suminarized. and
as the result of these studics speculations whout a chemicad basis Tor

psychosis i humans are offered.

SCOPE, AND DELINEATION OF TILE EXPERIMENTS:

The experiments were begay inan attenipt to gain further knowl-
edge about those behavioral and clectrophwsiologica! effeets of LSD
which might be relevant to an explapation of the effects of LS on
psvehological processes inoman. The hepothesis of Gaddum (207 and
of Woollev and Shaw (41 421 that the actions ot 1.5D were related
to its interiction with 5-HT served as o point of departure. Oue ap-

gt
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proach to obtaining turther knowledge of the mechanism of action of
LS was to examine the effects of other sabstances whose actions
mivht also be related teoan mteraction with 5-1FT. One such obvions
sorree is the olass of structural congeners of 5-HT, and therefore a
series of experiments was started with a small group of trvptamine
and LSD derivatives. It was the purpose of these experiments to ob-
tain information concerning the deeree to which analognes of 5-HT
might produce neuropharmacological effects which corresponded to
those of the LSD. The first 5-HT congener which we studied was
butotenine, the N-dimethyvl derivative of 5-HT. Figure 2 shows the
structures of butotenine., 5-H7T (serotonin) and LSD. The investiga-
tions of the actions of bufotenine were undertiken on the basis of the
theoretical considerations aud as the resntt of Strombere’s (37) dis-
covery that bofotenine is the principal albadloid ot cohoba (33), which
the natives of Haiti used as a stimulativg suafl. The possibility that
bufotenine was the active agent in cohoba, and, theretore. w psveho-
tomimetic agent, made the studies of its neuropharmacological actions

of particular interest.
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Fig. 2. Structures of lysercic acid dictlylamide (LSD), bufotenine, and
serotonin.

EXPERIMENTS ON MONKEYS:

Initial studies of the effects of butotenine on the gross behavior of
monkevs revealed that bufotenine induced w syndrome which was re-
markably similir to the syndrome induced by LSD (11, 12). Following
intravenous aduinistration of bufotenine (5 milligrims per kilogram
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body weight) and LSD (1 milligram per Kilogrim Lody weight'
monkeys showed a gross but relatively selective alteration of  be-
havior: diminished or absent responsiveness to visuad stimuli, i
pairment of responses to several torms of somesthetic stimulic but re-
tention of responsiveness to auditory stimuli. Figures 103, -4 5.0 6,7
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Fig. 3. The effects of bufotenine on position. This figure shows the position
assumed immediately following intravenous injection of Imfotenine g ke

Reproduced with permission from AMA. Archives of Newrolozy and Psy-
chiatry, 75:49, 1956.

illustrate some aspects of the gross disorder of behavior which fol-
lowed intravenous administration of L.SD und bufotenine. Within less
than a minute of the administration of these drugs, monkeys assumed
a prone position (Figs. 1, 3) which they rigidly maintained in spite
of attempts by the experimenter to place them in some other position.
In resisting attempts to move them about, the animals demonstrated
good muscular power. When monkeys were clevated and made to
grasp the experimenter’s finger, they would suspend themselves (Figs.
4, 5) for consideruble periods. Within about twenty minutes of the
administration of the drugs, the monkeys began to move about i an
ataxic manner. As the ataxia diminished, the animals would 1un abont
the floor with agility, but would bump into objects interposed in theiy
path, Finally, within slightly more than an hour of the intravenous

injection of LSD or bufotenine, the oniv grossly apparent residuan
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Fig. 4. Effects of LSD on motor power. This figure demonstrates the abil-
ity of the subject to support its own weight immediately following admin-
istration of LSD.
Reproduced twith permission from AMA. Archives of Newrology and Psy-
chiatry. 75:49, 1956.
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Fig. 5. Effccts of bufotenine on motor power. This figire demonstrates the
ability of the subject to support its own weight inumediately following ad-
ministration of bufotenine.

Reproduced with permission from AM.A. Archives of Neurology and Psy-
chiatry, 75:49, 1956.
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of the drug-induced disorder of behavior was marked tameness and
decreased general activity (Figs. 6, 7). After that, the monkeys con-
tinued to show a decrease of goneral activity for up to another one

Fig. 6. Taming effects of LSD. This figure shows tameness of the subject
one hour following administration of LSD.

Reproduced with permission Jrom A M A Archives of Neurology and Psy-
chiatry. 75:49, 1956.
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Fig. 7. Taming cffccts of bufotenine, This fizure shows tarencss of the
subject one hour following administration of Lufotemme.

Reproduced witle permission from AM A Archives of Neurology and Psy-
chiatry. 75:49, 1956,
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hour. Table 1 summarizes the character and dimation of the sonaptoms
which resulted from LSD and hutotenine,

As the figures and Table T show 15D and bulotenine, in nussive
doses. produced strikingly simitar gross helaviorad disorders, Simiibar-
ities botween the actions of the two dmgs were alse apparent with
smaller doses of the agents. In smaller doses. both drees envsed a
decrease in the level of general activity of the eaperimental animals.
Following LSD in intravenous doses ol 0.03 itlicrams per kilogram
body weight, for example. monkevs showed @ slowing of response an
performance on tests of visual diseriraination (thongl the accuracy ol
choices, when made, was not impaireds. The clfects of the very Loge
doses of LSD and bufotenine have been presented in detail Hoecanse
of the uniqueness of the syndrome and the apparenthy sclective dis-
turbance of various pereeptual processes which these doses induced.
Several recent studies resulted in clear, objective measures of the
behavioral effects of mnch smaller doses of LSD. These studics have
demonstrated selective defects of some aspects ol visual perception
following administration of LSD. Blough (2) has shown that LSD in
oral doses of 0.1 to 0.3 milligrams per kilogran hody weight cavses
in pigeons an elevation of the threshold of brightness cansing an in-
crease in the accuracy of performance on visnal-discrimination prob-
lem in which diseriminanda were iuminated at supraliminal inten-
sities (3). Fuster (18) recently showed that in monkeys LS in doses
as low as 0.005 milligrams per kilogram body w eight causes impair
ment of performance on a task involving tuchistoscopic form  dis-
criminations. The clear defects in performance following very smal]
doses of LSD, as demonstrated by Faster, cruphasize the importance
of the nature of test conditions in studies which seek to elicit highly
sclective disorders of behavior.

The author’s experiments in monkeys failed to demonstrate am
impairment in the aceuraey of visual diseriminations {ollowing 1.5
administration in doses of 30 micrograms per kilogram body wepdit
The difference hetween the anthors results and those of Fuster ma
be explained by the Drief exposire of the discriminunda i D osters
experiments. In the authors expertments. subjects were atowod up te
thirty seconds to mahe a choice between the two contivmoush visible
Jiseriminanda, whereas in Fosters evperiments w ith LS i exposore
of the diseriminanda wis permitted Tor onhe tweahy s onnde

Because of the apparent disturbed vesponse to Bstrad stivacds wohich
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occurred as one element in the syndrome that followed intravenous
administration of bufotenine and 1.SD, it scemecd possible to assume
that the drugs alter some function in the primary ascending visual
system. It is not necessary to point out that the disturbance of respon-
siveness to visual stimuli need not have indicated a specific alteration
of function within the visual system, since it is well known that an-
imals may show marked disturbances of visual reactions without any
defect whatever in the primary visual pathways (24). One explanation
for the pharmacologically induced disturbance of visually mediated
behavior, however, was that administration of the drugs caused a dis-
turbance of function at some point between the retina and the striate
cortex. A series of studies in cats showed that LSD and bufotenine
did, indeed, alter activity within this system {15). 1t was found that
both of these drugs caused a reduction in the amplitude of the post-
svnaptic lateral geniculate response to electrical stimulation of the
_optic nerve. Whereas the amplitude of the lateral geniculate post-
synaptic responsc was reduced by LSD, activity at the other points
in the visual system was liighly resistant to depression by 1L.SD and
bufotenine. As in the case of the monkey, 1.SD and bufotenine showed
striking similarity in their effects on the activity of the primary visual
system.

ELECTROPHYSIOLOGICAL EXPERIMENTS:

The electrophysiological experiments were first carried out in cats
anesthetized with sodium pentobarbital. In these experiments, intra-
carotid administration of LSD in doses of thirty micrograms per kilo-
gram body weight caused a mean decrease of eighty percent in the
amplitude of the postsynaptic lateral geniculate response to a single
near-maximal optic nerve volley. This sensitivity of the lateral gen-
iculate postsynaptic response to 1.SD is of the same order of magni-
tude as the sensitivity of the trauscallosal response to LSD in the
experiments of Marrazzi and Hart (26). Bufotenine in intracarotid
doses of 0.2 milligrams per kilogram body weight had cftects which
were similar to those of LSD. Figures 8 and 9 illustrate the effects of
L.SD and bufotenine on the lateral geniculate postsynaptic response
in the anesthetized cat.

Whereas LSD administered intracarotidly in- doses of 30 micro-
granas per kilogram hody weight caused marked reduction of the post-
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Fig. 8. Effect of L.SD on geniculate. Response recorded in left lateral gen-
iculate body to a train of five shocks at frequency 230 sece. applied to right
optic nerve before (A) and after (B) 0.015 mg.-kg. LSD via left carotid.
Asphyxia, starting immediately after (B) and continued for 20 sec., caused
an increase in amplitude of postsynaptic potentials (C). T = tract spike;
S = postsynaptic spike. Positive is up.

Reproduced with permiission from the American Journal of Physiology.

synaptic geniculate response in cats anesthetized with sodium pento-
barbital, considerably larger doses of T.5D), administered intravenous-
ly or intraperitoneallv, to intact unanesthetized preparations with
chronically implanted electrodes, were required to produce similar
ctfects (13). It was found that sodinm pentobarbital anesthesia caused

an increase in the sensitivity of the lateral geniculate to depression by
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Fig. 9. Effect of bufotenine on geniculate. Response recorded in left lateral
geniculate body to a train of 6 shocks at frequency of 295 /sec. applied to
right optic nerve before (A) and after (B) 0.2 mg. kg. bufotenine via left
carotid. T = tract spike; S = postsynaptic spike. Positive is up.

Reproduced with permission from the American Journal of Physiology.

LSD. Figure 10 shows the effects of LSD on the geniculate response
to optic tract stimulation in an intact preparation with chronically im-
planted electrodes. In this experiment in unanesthetized cats, one mil-
ligram per kilogram body weight (intraperitoneally) of L.SD waus re-
quired to produce geniculate depression of the degree that resulted from
0.03 milligrams per kilogram hody weight administered intracarotidly
in anesthetized cats. The dosage of LSD which depressed the post-
svnaptic response to optic tract stimulation in the intact cat preparation
corresponds to the dose which causes the gross disorder of behavior in
moukeys. In cats with implanted electrodes, the reduction of the gen-
iculate postsynaptic response was associated with a failure of behavior-
al responsiveness to visual stimuli. While failing to respond to visnal



32 CHEMICAL CONCEPTS OF PSYCHOSIS

stimuli, cats that had received large doses of 1LSD showed brisk and
at times violent reactions to auditory stimuli, often jumping up, show-
ing piloerection, hissing and orienting to the source of the auditory
stimulus. This “rage” reaction in cats was in sharp contrast to the tam-
ing effect of LSD in monkeys. The preservation of responsiveness to
auditory stimuli in association with a gross disturbance of responsive-
ness to visual stimuli was seen in both cats and monkeys.

CONSCIOUS CAT 8-2-55

CONTROL LSD 1| MG /KG I.P

Fig. 10. Effects of LSD on Lateral Geniculate Response to Optic Tract
Stimulation. The traces show the lateral geniculate responses to two shocks
applied to the optic tract at an interval of 4 msec. LSD (1 mg./kg. intra-
peritoneally)' caused a reduction in the amplitude of the postsynaptic re-
sponse (S) to the first shock. There was recruitment. and the postsynap-
tic response to the second shock was not depressed. The presynaptic tract
response (T) was not altered. This preparation, which was an unanesthe-
tized intact cat with chronically implanted electrodes, showed an absence of
responsiveness to visual stimuli in association with this alteration of the
lateral geniculate response. Positive is up.

Reproduced with permission from the Association for Rescarch in Nervous
and Mental Disease.

Compared with the postsvnaptic lateral geniculate response to optic
nerve stimulation, the postsvnaptic cortical response to stimulation of
the geniculate radiation fibers was highly resistant to depression by
LSD and bufotenine. Purpura (28), employing somewhat different
experimental procedures, observed a similar resistance of the cortical
response to depression by LSD. Indeed, he actually observed facilita-
tion ot this response following small doses of 1.SD (28). In the author’s
experiments, doses of LSD and bufotenine, many times greater than
those which caused reduction of the lateral geniculate postsynaptic
response, failed to cause such depression of the cortical response to
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genicnlate radiation stimulation. Figures 11 and 12 illustrate the
tailare of large intracarotid doses of LSD and bufotenine to depress
the cortical response to geniculate radiation stimulation in the ates-
thetized cat. In the experiment with LSD, illustrated in Figare 11, the
cortical response was actually enhanced. This enhancement was ap-

parent following [.SD in a dosage many times greater than was found

=1 2 WSEC

Fig. 11 Fig. 12

Fig 11, Effect of LSD on cortex. Left visual cortex response to single max-

imal shock applied to left optic radiations betore (A) and after (B) 1.5
mg. kg, LSD via left carotid. Positive is up.

Fig. 12, Effect of bufotenine on cortex. Lett visnal cortex response to single
maximal shock applied to left optic radiations before (A) and after (B) 10
mg. kg. butotenine via left carotid. Positive is up.

Reproduced with permission from the American Journal of Physiology.

to be sufficient to depress the geniculate postsvnuptic response in the
anesthetized cat. This enhancement of the cortical response wus not
obscrved in unanesthetized intact preparations following a wide range
of dosages of LS (13).
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Stndies of the effects of 1.SD and bufotenine on the response of the
optic tract to retinal photic stimulation Jhowed that this response was
Lrehly resistant 1o the action of the two drnes. 1t '.q)p(‘;n'(‘(l that under
the conditions of the obsery ations. ithe geniculate relay represented
that point in the primary system which was most sensitive to depres-
sion by LSD. In tenmns of their actions on the three forms of evoked
clectrical activity in the visual svstem, LSD and bufotenine were
similar, This ph_\'.sio]o}_{iml similarity suweested that the two substances

might have similar mentat effects in nian.
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Fig. 13. The structures of the tryptamine derivatives whose effects on
geniculate transmission were studied. ¥ (trvptamine), 11 (bufotenine), and
IAY (dimvthyllr_\'ptmnim~) caunsed  depression of geniculate transmission.
The remaining componnds. including 11 (3Ahydmxytr,\'pt;lmine), were with-
out effect on the lateral geniculate or the cortical responses to optic nerve
shock.

DERIVATIVES OF LSD AND 3-1T:

To obtain further data concerning the degree to which the pattern
of offect of LS and butotenine might be related to the psychotomi-
metic propertics o these drugs, the offects of several additional LSD
and 3-HT derivatives on the olectrical activity of the visual system
were studied (14, Figures 13 and 11 show the structures of the sub-
stances whose effects were investicated, OF these substances, only
dinethvlryptamine (Fig. 13-1V) everted  effects similar to those
which had been found to result from LSD and bufotenine. Tryptamine

(Fig. 13-1) had cffects which were gualitatively similar to those of
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the other two compounds, but its duration of action was extremely
brief. Table 11 summarizes the actions of these compounds on the
postsynaptic geniculate response to optic nerve stimulation iu anesthe-
tized cats.

C2Hs ~C2Hs ,CaHs
/N< AN AN
H ¢l “C2H ¢l ¢
?*o C2Hs o 2hs %% 2Hs
N NCH3 N NCH3 S NCH3
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H
2-2' BIS LSD DISULFIDE GRAMINE

Fig. 14. The structures of 4 LSD derivatives and gramine. Of the 4 LSD
derivatives, only LSD caused depression of geniculate transmission. The
remaining 3 LS derivatives were without effect on the geniculate or cor-
tical responses to optic nerve shock. Gramine did not depress genicnlate
transmission; LSD administered following gramine did not block geniculate
transmission.
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TRACT GENICULATE CORTEX

Fig. 15. A schematic representation of the primary visual pathways. In the
acute experiments, the optic nerve was stimulated by square pulses de-
livered between the cut edge of the sclera (+) and the optic nerve (—).
Such stimuli evoked responses which were recorded in the lateral genicu-
late nucleus and from the striate cortex. The form of these responses to a
single optic nerve shock is illustrated under “geniculate” and “cortex” in the
figire. In some experiments, stimuli were applied to lateral geniculate post-
svoaptic structures, evoking a cortical response similar in configuration to
the one evoked by optic nerve shock, but Tacking a synaptic delay. Tests of
the retinal effects of LSD were made by recording the optie tract response
to retinal photic stimulation. The form of the tract respouse to retinal photic
stimudation s illustrated under “tract”™ in the figure above.

In the experiments on cats with chironically implanted electrodes. the elec-
trodes were placed in the optic tract, the lateral genicnlate nucleus, and
the visnal cortex.
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TABLE 1]
THE EFFECTS OF A SERIES OF INDOLES ON
GENICULATE TRANSMISSION

¢ Dcerease in

Dose postsynaptic response
Drug (mg/kg) I minute following injection
I 0.2 70 (50-100)
11 0.2
111 0.2 60 (50-90;
v 0.4 90 (80-100)
\% 4.0
VI 0.2
VII 1.0
VII 3.0
LSD 0.03 50 (30-100)
2-0xy-LSD 0.3
2-brom-LSD 0.3
LSD-disulfide 1.5
Gramine 15.0

The structures of the drugs which correspond to I-VHT are shown in Figure 13,
All drugs were given by the intracarotid route in nembutalized cats. The percent
decrease is based on the change in the amplitude of the postsynaptic response to
a single near-mavximal optic nerve shock. The figures in parentheses indicate the
range which was observed in the effects of the active compounds,

CONCLUSION::

The descriptions of some of the electrophysiological effocts repre-
sent merely a very limited segment of the numerons mvestigations on
the central electrophysiological actions of LSD and related indoles
(1,4,5,7,8,9, 21, 23, 25, 27, 28, 29, 31, 32). Thev do, however, indicate
one approach to demonstrate a pattern ot central electrophy siological
effect which allows the selection of agents which have psyehotomi-
metic effects.

The Psychotomimetic Acents. The similarity of the effects which
were produced by bufotenine and 1.SD stuguested that bhufotenine
might be an hallucinogenic agent. The fact that the effects of dimethn-
tryptamine closely resembled those of 1.SD and bufotenine Ted 1o the
prediction  that dimethyltryptamine.  too, wonld exert psvehotoni-
metic effects when wdministered to man (145 Studies by several in-
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o teators have confinmed this prediction. Fabing and Hawkins (16)
denonstrated that bufotenine, in intravenous dosages of from 4 to
16 melliorams. canses hallucinations and alterations of mood in man.
Ibell L 22) confirmed these observations. Both Isbell (22, and Fabing
2ol Hawkins (167 found that the duration of action of bufotenine was
considerably shorter than that of 1.SD. and that the psychological
offects of bufotenine were associated with a variety of cardiovascular
changes. More tecent studies by Szara have supported the specula-
tion that dimethvltryptamine, too. is a psyvchotomimetic agent. Szara
(391 studied the effects of parenteral administration of dimethyltryp-
Gunine in a series of normal subjects. In these experiments, dimethyl-
tryptamine produced a variety of psychological effects similar to those
which follow administration of 1.SD. Thus. experiments in man have
now established the similarity of action of 1L.SD. bufotenine and di-
methyltryptamine which was inferred on the basis of neuropharma-
cological experiments.

What are the implications of the LSD-like propertics of butotenine
and dimethyltryptamine for psychiatric research? The formulation of
an answor to this question may be facilitated by a consideration of
soveral additional data concerning the tryptamine derivatives under
discussion. Bumpus and Page (6} have shown that hufotenine or
some compound which bears a close structural resemblance to bu-
fotenine may occur in the urine of man, Fish and Horning (17) have
pursued this problem further, and have found that tryptamine is
present in human urine and that at least one additional indole base,
possibly bufotenine, is also present in human urine in extremely small
quantities. The occurrence of bufotenine and tryptamine in man, and
the possibility that dimethyltryptamine may also be naturally present
in mau. would seem to render the psychotomimetic properties which
these drugs possess of considerable interest in any programn of re-
search which secks to uncover hypothetical disorders of metabolism
that mav be related to psychotic behavior. To our knowledge, bu-
fotenine is the only psychotomimetic agent which has been shown to
oceur in man. Of course, the trace amounts in which it appears may
indicate that bufotenine has little it any importance in any physiolog-
ical process. Nevertheless, the beliof that bufotenine, dimethyltryp-
tamine. trvptamine (Figo 13-D0or some structurally related substance
mav be of signiticance in some mental disorders appears sufficiently
plansible to warrant further investivation. Such investimation is also war-
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ranted by the large body of data indicating that alterations in the status
of 5-HT in the central nervous svstem are associated with changes ina
variety of neurological and psvchological processes. The experiments of
Shore and others (34, 35). of Woolley and Shaw (40, 41, 42). and of
many other workers have indicated that 5-111 {serotonin) may have
some function in regulating central nervous system activity.

Much additional data might be presented in support of future re-
search concerning the status of bufotenine and dimethyltryptamine in
patients with mental disorders. 1t wonld appear that the above discus-
sion has already supplied sufficient evidence to warrant additional in-
vestigation of the status of a number of indoles i a variety of psy-
chotic populations.
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