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Interest in possible chemical transmission
of impulses in the central nervous system
has been increasing. The ncurchumors in-
volved include acetylcholine,*? norepineph-
rine2?* and serotonin*® These theories of
central chemical synaptic transmission have
led, in turn, to hypotheses which ascribe the
psychosis induced by lysergic acid diethyl-
amide (LSD-25) and other psychotomi-
metic drugs to derangements in central
nervous system function because of com-
petition with one or another of the neuro-
humors or, on the contrary, to accentuation
of the effects of the neurohumors by the
psychotomimetic agents. The greatest in-
terest has centered on possible interactions
of serotonin and 1.SD. Woolley and Shaw *
and Gaddum® independently evolved a
hypothesis which ascribes the LSD psycho-
sts to competition between LSD and sero-
tonin for receptor sites on or in neurons.
This hypothesis, which might be termed the
serotonin-deficiency theory, 1s based in part
on the following cvidence: Serntonin is
found in brain,®7 and the concentration of
serotonin in tissue is reduced ® by reserpine,
a drug with powerful effeets on the central
nervous Ssystem; in certain concentrations,
serotonin and LSD have antagonistic ef-
feets on isolated smooth-muscle prepara-
tions ®; reserpine and serotonin prolong
sleeping time induced by hexobarbital
mice, and LS abolishes this enhancement
of hexobarbital sleeping time.

At is also possible to hypothesize that
LSD induces a psychosis by enhancing the
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effects of serotonin.!’?® This possibility is
favored by the following evidence: Low
concentrations of LSD increase serotonin-
induced contractions in isolated smooth-
muscle preparations rather than reducing
them '?; clevation of the serotonin content
of brain brought about either by feeding
the precursor of serotonin, 5-hvdroxytryp-
tophan,!* or by giving iproniazid, followed
hy reserpine® produces symptoms in ani-
mals resembling those induced by 1LSD;
injection of serotonin into the lateral ven-
tricles of the bram causes abnormal be-
havior in animals,*® and 1.5D and serotonin
both inhibit postsynaptic transmission in a
transcallosal synapse.*®'7

It is also possible to hypothesize that the
LSD psychosis is due to disturbances in
central adrenergic mechanisms, The follow-
ing facts suggest such a possibility: A
number of drugs with adrenergic effects
(cocaine, amphetamine, and methampheta-
mine) will, if taken in sufficient dose, cause
a toxic psychosis; a number of the signs
and symptoms seen after administration of
LED in man (pupillary dilatation, elevation
of bload pressure, goose flesh, anorexia,
insomnia, and anxiety) suggest hyperac-
tivity of the sympathetic (adrenergic) di-
viston of the autonomic nervous system:
I.SD and a number of adrenergic drugs
have the same kind of inhibitory effect on
transcallosal postsynaptic transmission %18,
Rothlin and co-workers 1718 state that I.SD
produces a state of central vegetative (auto-
nomic) stimulation. Chlorpromazine par-
tially amcliorates the I.SD reaction 1921
and since chlorpromazine is a peripheral 22
and possibly a central,® adrenergic bocker,
one might hypothesize that chlorpromazine
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attenuates the LSD psychosis by virtue of
adrenergic blocking effects. Some interest-
ing findings in experimental animals sup-
port the adrenergic concept. Klder et al.®
surveyed antagonists to LS and found
that pretreatment with chlorpromazine re-
duced T.SD-induced hyperthermia in rab-
bits and “feline mania” in cats. In addition,
phenoxybenzamine (Dibenzyline), an ad-
renergic blocker with no known central ef-
fects, attenuated “feline mania.” Gogerty
et al2® studied the interactions of 1L.SD
and reserpine in rabbits. If LSD was
given to rabbits two hours after reserpine,
hyperthermia was accentuated. At this par-
ticular time reserpine-induced release of
norepinephrine from brain?® as well as of
serotonin, should be occurring. 1f LSD
was given 10 hours after reserpine, hyper-
thermia after LSD was reduced. At this
time the norepinephrine and serotonin con-
tent of brain is almost zerc.

A hypothesis relating the LSD psycho-
sis to central interactions with acetylcholine
may be suggested by the following: The
cholinergic blocking drugs, atropine and
scopolamine, can cause toxic psychoses.
Acetylchotine and inhibitors of cholines-
terase (physostigmine, isoflurophate U. S.
P., etc.) stimulate the brain-stem reticular
formation,?” leading to an “alert” electro-
encephalographic pattern, whereas the cho-
linergic blocking drug, atropine, reduces
activity in the reticular formation and in-
duces a “sleep” pattern in the EEG (even
though the animal may be awake). In the
rabbit, LSD causes an ‘‘alert” EEG pattern,
similar to that induced by acetylcholine #¥;
so one could speculate that this 1.SD-in-
duced activation of the EEG is due to some
effect of LSD on cholinergic transmission
in the reticular formation.
suggests that a balance exists in the central
nervous system between synaptic excitation
by acetylcholine and inhibition by adren-
ergic neurohumors, so that disturbance of
either chemical member of this balanced
system may result in abnormal mental func-
tion.

Marrazzi '®
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Pfeiffer and Jenney?® postulated that
since the Rauwolfia alkaloids and chlorpro-
mazine have persistent acetylcholine-like
actions, cholinergic drugs that pass the
blood-brain barrier should have cffects on
behavior which resemble those induced by
the tranquilizers. These authors demon-
strated that Tarecoline, pilocarpine, and
physostigmine reduced or abolished a con-
ditioned avoidance response In pro-
tected from the peripheral cfiects of the
cholinergic drugs by methyl atropine, a
cholinergic blocker which presumably does
not cross the blood-brain barrier. In this
hypothesis, a “muscarinic” drug is regarded
as being an antipsvchotic agent, whereas
muscarinic blockers are regarded as psy-
chotomimetic. Some of the actions of 1.51}
{ pupillary dilatation, facial Hush, and ele-
vation of temperature) are similar to those
of atropine. Pfeiffer and Jenuey, therefore.
imply that the LSD psychosis possibly
might be due te central muscarinic blocking
actions of LSD.

In view of these alternatives, 1t seemed
of interest to determine whether neuro-
humoral blocking agents would attenuate or
enhance the 1.SD rcaction in man. The
purpose of this communication is to show
that pretreatient with an acetylcholine
blocker, scopolamine; an adrenergic block-
er, phenoxybenzamine (Dibenzyline *), and
a serotonin antagonist® 1-benzyl-2-methyl-
S-methoxytryptamine (BAS+t1), had no
significant effect on the menta!l reactions
induced by LSD in man.

rats

Methods

Subjects-—All were adult Negro men who volun-
teered for the experiments and who were serving
sentences for violating Federal narcotic taws, Their
ages ranged from 21 to 50 years. All subjects were
in excellent physical health, and &l had been
abstinenl from opiates for a least severul tuonths
hefore participation in the cxperinenis. I'here was
no evidence of psychosis in any of the patients,

* Supplied through the courtesy of Mr. Theodore
Wallace, Smith, Kline & French Lahoratories,
Philadelphia.

+ Supplied through the courtesy of Dr. Frederick
K. Heath, Merck Sharp & Dohme, Philadelphia.
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and all were Jinznosed as baving character dis-
orders. The eftects of LED in such subjects have
been shown to iw similar to the effects observed in
other groups of ~ubjects irom a different environ-
ment and backgroaud®™  1iferent groups of pa-
tients were used in evaluating the vurious blocking
drugs.

Means of Measurement and Analvsis, —Mcethods
previously described ® were nsed. The patellar
reflex, pupillary size, and resting systolic blood
pressure were measured hourly jor two honrs prior
to andl eight hours afler administration of LSLDY (or
LS placeho). In the experiments involving
phenoxybenzamine,  additonal  mensurements  of
resting pulse rate aml of pulse rate after standing
for one minute were made. The sverage of the
iwo pre-LSD measnrements was nsed as a base ling,
and the area under the time-action curve was
measured  with o plammeter,™ or was calealated
by the method of Winter ol Ilivaker® The
mental effects of LS were assessed by adnunister-
g a mexlification of the guestionnaire of Ahrawmson
et al™ hourly, twice before and eighl times after
L31y or L5D placelwr. The mmmber of positive
responses after LLED or 1LSD placebo was counted,
eliminating  any positive answers that were also
scored  positively prior to administration of the
drug. The intensity of the reaction was graded
oar A scade of 0 1o 4, using criteria previonsly de-
seribed® The grade was based on a short psychi-
atric examinatoen carried out cither hourly or al
the hetght ot the reaction,

LDrugs— A\ drugs were grven orally, T.51) and
seopolamine were given in a solution in which
the taste of the scopobunine was mashed with a
cherry syrup. HAS was given in tablet jorm, and
phenuxybenzimine was sulministered in capsules.
Appropriate identical placebos were used 10 control
all experiments. Fhe doses and times of ad-
numistration of cacti of the drogs are described be-
low nunder the separate experiments. Preliminary
experiments, in which BAS or phenoxyhenzamine
was yiven alone, were carriel our prior to heginning
the critical experiments i ornder to establish
effective dosage schedules for these blocking drugs.
Fxperiments were conducted at weekly intervals
m onder o prevent the developanem of tolerance to
.=

Lxperunental  Degign.-- A “cross-over” esig,
i which ewch person served as his own control,
wsed. The Dlucking experunents always in-
volvedl four separite drug comlinations in the same
group  of subjects. LSDY plucelss plus blocker
placctwr; TS plus Dlocker placebo; LS plus
Mocker, ad Loy placeba plus Llocker. Doth pa-
vents and ohservers were smaware of the nature of

Was

the medications admmisernsd during o particnlar
eapermaet s CUeable Blind” proeadare). The orvder

e awnten the vnrons rombontions of blo kers il

)3

L5ID were admintstered was randomized by using a
table of random numbers and a Latin-square design.
Meuns and starclard errors of means were calculated
by standard siatistical techniques. Significance of
differenices wis, however, evaluated by the (-test
for paired observalions™

Results

BAS In preliminary experiments 15
patients were given BAS or BAS placebos.
In mital trials, small single doses were
used, and the amounts given were gradually
mcreased as expericnee with the drug ac-
cumulated.  Patients were then given two
doses, and finally three doses, at intervals
of six hours. The patients did not report
any subjective effects unti] two doses of
100 mg. of BAS had been given. These
sensations  did not appear umtil R hours
after the first dose of TAS (2 hours after
the second dose), were most pronounced
12-16 hours after the first dose, and per-
sisted for 48-72 hours after the last dose,
The outstanding subjective effects included
fatigue, drowsiness, abdominal dizcomfort,
blurring of vision, and dizziness. Nasal
stuffiness was scldom reported. These symp-
toms were present in all of the 11 patients
who received two or three doses of 150
to 200 mg. of BAS. Symptoms resembling
those induced by I.SDD were not reported.
There were no significant changes in pulse
rate, blood pressure, temperature, pupillary
size, or tendon reflexes. No symptoms were
reported afier plicebos in this group of
subjects.

Ten of the patients who had received
BAS aline were used in the experiment in
which combinations of BAS and LED were
studied. In this cxperiment, patients re-
ceived 150 mg. of BAS {or BAS placebo)
24 16, 10, and 2 hours prior to LSD or
15D placeb. The dose of LSD varied
from 0.5 to }.3pg/kg. {average 0.95pg/kg.).

The results are presented in Table 1,
Although BAS prevented the characteristic
rise i systolic blood pressure after LSD,
the other a~pects of the LSD reaction. in-
cluding the mentad effects, were unchanged

e wtensity ar duration,  The drowsiness,

ol &1 Tan., 195Q
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Tase | —Effect of BAS on the 1.SI) Reaction

Drugs

BAS Placelo
plus

Mensure 1.8 Placebo
Patellarreflex*_ ... _, ... . ... +0.13.£0.14
Pupillaryaize *_ . ... —L1 0,22
Systolic blood pressure *_ .. .____.__ .. +0.500.1%
Number of positive answers t____ ___ _ _ 0709
Clnlealgrade +_ ... .. ... .. ... _. D40

e o

BAS Plicebo Bas
plus plus
LSD BASY plus LED L.8D Placebo

+2.0240.43 +2.040.20 +1.17+0.17

+4.5440.24 4-3.7940.35 +1.374£0.5

+2.48.40.46 +0.76£0.36 +0.12+0.31
42113 4312 5+0.3
1.3+0.1 1.140.1 0.3£0.3

* Expressed o3 the mean £ the standard error of the area under curves (square inches). A positlve () figure indlewies an Increuse;

w negative figure, & decresse, as compared with predrug controls,

t Means = standard errors. For number of subjects, doses, and methods, see test,

fatigue, etc., reported after BAS in the pre-
liminary tests were also prominent in this
experiment. No significant degree of miosis
was observed with BAS alone.
Phenoxyvbenzamine—-Two  preliminary
experiments were conducted with phenouxy-
benzamine. In one of these experiments,
four patients received a placebo and 0.4
to (.6 mg. of epinephrine before and two
to three hours after oral administration of
10 mg/kg. of phenoxybenzamine hy-
drochloride. The pulse rate and systolic
and diastolic blood pressures were deter-
mined twice before and at intervals of 5,
10, 15, 20, 30, 40, and 60 minutes after
cpinephrine or epinephrine placebo. The
rise in systolic pressure after epinephrine
was less after phenoxybenzamine, but the
difference was not sufficiently great to be
significant statistically. The decrease in
diastolic pressure after epinephrine was
enhanced by phenoxybenzamine. In an-
other experiment, eight paticnts  were
“challenged” with a placebo and with 0.6
mg. of epinephrine subcutaneously before
and at three and five hours after adminis-
tration of the last of three doses of phenox-
ybenzamine (0.5, 1.0, and 1.0 mg/ke. of
phenoxybenzamine hydrochloride at 8 a. m.
and 6 p. m. on the day prior to epinephrine
injections and at 6 a. m. on the day of
“challenge”). In this experiment the epi-
nephrine-induced increase in systolic blood
pressure was significantly reduced five
hours after the last dose of phenoxybenza-
mine, whereas the decrease in diastolic

Isbell et al.

pressure and the increase in pulse rate after
epinephrine were enhanced both three and
five hours after the last dose of phenoxyv-
benzamine., In addition, a marked degrec
of postural hypotension and tachyeardia
was present. No symptoms suggestive of
central effects of phenoxybenzamine were
reported by the patients.

TFour patients received 0.5ug/kg. of 15D,
and six patients received 1.0pg/kg. of LSD
two hours after a single dose of 1 mg/ke.
of phenoxybenzarnine hydrochloride. Since
the results of these experuments were ul-
most identical with the findings of the
experiment  described below, even though
the degrec of adrencrgic blockage was not
as great, they will not be reported in detail.

Ten patients received 0.5, 1.0, and 1.0
mg/kpg. of phenoxybenzamine hydrochio-
ride 24, 11, and 2 hours prior to wdminis-
tration of 1.0pg/kg. of LSD. The results
are shown in Table 2. Miosis, marked po-~
tural tachycardia, and postural hypotension
with fainting on standing of 3 of the 10
patients after phenoxybenzamine alone in-
dicated that a considerable degree of ad-
renergic blockage was present. Tupillary
dilatation after LSD was partially blocked
by phenoxybenzamine, but no other aspect
of the LSD reaction was altered sig-
nihcantly, I1.SD reduced the postural
tachycardia and hypotension caused by
phenoxybenzamine.

Scopolamine —FEleven patients received
042, 064, and 085 mg. of scopola-
mine hydrobromide simultaneously with

23
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TasLe 2. Effect of Phenoxvbenzamine on the LSD Reaction

I}

Drugs
I'benoxybenzamine Pheunoxyvbenzamine Phenoxybenzamine IPhenoxybenzamine
T'lacebo plus Flacebo plus plus plus

Mewsure 18D Macebo LSD LSD LAD Placeho
Pulse vate, recumbent ..~ . e =4-2.08+0.52 4564187 +7.74£1.3 +4.84+1.01
Talse rate, stamdling . ___. . . ... +3.631,85 +1.242.32° +1.604£3.98 +15. 745
Systalle bloo pressure, reeumbent . 40.6810.64 417500 23 +1.8840.27 +40.96£0.32
Pupillory slze. ... . - - “0.79£0,33 +3.5540.48 +12.38 £(118 —- {360 80
Patellarreflex_. . _. . __.__ _._ _ . ... —1.2540.43 +1.656x0.3 +2.09+0.4 +0.2340.28
Number of positive unswers .. .. 0.2:£0.08 B2 4715 0.1:£09
Cliniealgrade . ... ... . . ... 0£0 1.65=0.37 1.85+0.37 00

* Expressed as (e mean £ the standard errar of the area under curves (square inchesr, A positive (4} figure indicates an inerease;

a negative figure, o decrease, a5 compared with predrug controls.

t Means =+ standard errors, For number of subjects, doses, and methods, ser text,

1.0pg/kg. of LS. Since the results with
these doses of scopolamine were not essen-
tially different from the results obtained
with 1.3 mg. of scopolamine hydrobronide
combined with 1.SD, they will not he de-
scribed in detall.  Side-cffects aftributable
to scopolamine (dry mouth, blurred vision,
difficulty in swallowing, and pupillary dila-
tation) the smallest dose
(042 meg.) used and became more pro-
nounced as the dose was increased. Mental
confusion, depersonalization, hallucinations,
and delusions id not occur with any of the
doses of scopolamnine.

Twelve patients received 1.2 mg. (1/50
gram) of scopolamine hydrobromude com-
bined with 1.0pg/kg. of LSD. The results
are -shown in Table 3. Although drvness
_of the mouth, blnred vision, and sleepiness
were pronounced, the patients did not re-
port the marked changes in visual percep-
tion after scopolamine alone that are so

ocenrred  with

Seapolnmine
Placcbo plus

Measare L1V Placebo
Polelar reflex, | 11 R3 0. 42
Pupillary size.. ... ... ... . 0,54 40,24
Svstolie blood presswre. - ..o ... . 4. TR0.62
Number of positive answers_. . 10t
CHnlenlgrade.....o...o...... Laiils y G+

i T

Tawie 3--Efect vf Scopobumine on the LSD Reastion

characteristic of the LSD} psychosis, and
they «lid not report any hallucinations or
delusions.  Pupillary  dilatation after the
combination of scopolamine and LSD was
greater than after LSD alone. The charac-
teristic T.SD-induced rise in blood pressure
was blocked by scopolamine.  Assessment
of the mental effects of the combination of
scopalamine and 1.SD was somewhat com-
plicated. The mean number of positive
answers increased from 63 after LSI1) alone
to 116 after the combination of L.5SD and
scopolamine. The mean number of answers
after scopolamine alone, however, was 42,
Counis of the number of times specific
symptoms were reported showed that dry-
ness of the mouth, dryness of skin, blur-
ring of vision, and sleepiness accounted for
almost all (959%) of the positive responses
after scopolamine alone. Increases in fre-
quency of these pariicular symptoms also
accounted for most of the increase in the

Drrugs
Seopolamine Scopolamite
Maceho Scopolamine plus LD
plus Ly plus LED Ytacebo
+ 3.08:£0.36 +3.26+0.46 +1.44:£0.38
+R.464-0.32 +4 66 4+0.27 +2.00:4:0.31
+2.0040.37 +0.43£0.52 —0.51==0.6
fhi=10 11642 4242
1.1+0.34 1.5£04 036037

* Exprossed as the menn =+ the stundard ervor of he area nnder eurves (square inches) . A pasirive (47 figure indicater un increase;

a negative figure, a deerease, as compared witn predrug eontrols.

+ Means + standard errors. For number of sabjects, dnses, and methads, see text.
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number of answers after the combination
of L.SD and scopolamine. The frequency
of the mmore specific svimptoms of the LD
reaction (visual-perceptual distortions, de
personalization, and optical ballucinations:
was as great after the combination of 1.5D
and scopolamine as after 1LST alone, bu
no greater. “The clinical grade of reactiom
after LSD and scopolamine was somewhat
higher than after 1.SD alane, but the in-
crease was not signiticant statistically. (e-
casiona! reports of anxiety and nervousiess
in 4 of the 11 patients account for the
positive grade  with  scopolamine
alone. The data, therefore, did not suggest
any specific accentuation of the mental ef-
feets of LLSD hy scopalamine. They seem
more conipatible with simple addition of
different symptoms caused by two diiferent
drugs.

chiniecal

Comment

There was no definite evidence of any
attenuation or accentuation of the mental
aspects of the 15D reaction after pretreat-
nment with any of the neurohumoral ugents.
The data, therefore, do not Javor any of
the hypotheses which attribute the LSD
psychosis to derangeiments in neurohumoral
mechanisms within the central nervous sys-
tem. These cxperiments do not, of course,
disprove these hyvpotheses, since unknown
factors, such as varying peuetration of the
blood-brain  barrier, relative affinity  for
receptor sites, cte., might account for the
negative results,

The results with the serotonin antagonist,
BAS. are of especial interest.  Although
BAS did induce symptoms suggestive of
effects on the central nervous system (seda-
tion), it did not cause any mental reaction
resembling that seen after 1.SD. Wilkins %
has also reported sedation after DAS, Sun-
ilar results have been reported with a
congener of LSD, 2-bromo-d-lysergic acid
diethylamide (BOT.-148). This compound
is as potent as 1.SD in antagonizing scro-
tonin-evoked  contractions  in  isolated
smooth-muscle preparations 3 or in revers.
ing enhancement of hexobarbital slecping

Isbell et al.

tnte wowice bul, untike =), is nea
a potent psychotomimetic drug® It o~
therefore,  apparent  that  anlagonisnt e
<eratontin is not correlated with the abibity
of a ddeag 1o produce o payvohosis. Sinee
BOT 148 shoukd penctrate the Dlooed Hruan
barrier ruadily, the hypothesis that a de-
ficieney of serotontn s responsible for the
LSS0 psyehosis o limger seems plaasible,

Recently Ginzel and Mayer-Gross b
reported that pretreatment of patients Tor
two ddavs owith BOL-T4S  attenuated  the
[.SD VO This finding could pos-
sibly he interpreted as favoring the hypoth

resetios

esis that an exvess of serotonin-like effect
i~ responsible for the LSD reaction.  Such
an interpretation must be regarded with
caution,  <ince Canzel and
foumd  that one day's prewreatment with
BOL-T14R does not completely block  the
effect~ of 1.5D and, also, that DOL-148
will not reverse the LS reawction once 1t

Maver-tiross

has been developed, These results are more
suggestive of cross tolerance between 15D
and POM-E68 than of blockade of the etfect
of 15[V because of sorotonin antagonism
by BOIL.

Failure to contfirm in man the ameliora-
the L1 reaction
animals ** after pretreatment with phenoxy -
benzamine might be due to the relatively
enormious doses of T.SD necessary in an

tian of abserved n

mal experimentation. 10 difficulty in equat-
mg  bhehavioral changes in amimals with
psychoses i wan, or to g combinatunm of
these factars,

Summary

with  the neurohumoral
bliwking drugs phenoxybenzamine (Diben-
avling), scopolamme, and 1-benzyl-Z-methy -
Smethoxvirvptamine (DAS)  did
attenuate or accentuate the iveergic acid
diethylamide 1.50)-253) psychosis in an.

N. L ML Addiction Research Center, U S
10 T S Haspital,

'retreatment

not
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