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THE POSSIBLE ROLE OF INHIBITION AT ADRENERGIC SYNAPSES
IN THE MECHANISM OF HALLUCINOGENIC AND RELATED

DRUG ACTIONS 1

AMEDEO S. MARRAZZI, M.D., AND E. ROSS HART, ProD.

The value of approximation and analogy behavioral disorders in animals or mental
followed by analysis is well known. The appeal disturbance in man. This kind of knowledge
and instructiveness of a model are equally of this type of drug is required for the treat-
familiar. Starting with an inclination in favor ment of mental disease.

RECO_ IM_

TRANSPARENT MODEL OF BRAIN

TWO NEURON INTERGORTIGAL (TRANSGALLOSAL) PATHWAY

SCHEMATIC BLOOD SUPPLY (ARTERIAL)

PATHWAY FOR INJECTED MATERIAL

Fro. 1.

of an organic basis, we have attempted to Since hallucinations with a visual component
utilize the animal and its neural circuits as a characterize many l)sychoses, we thought it
model in which to study the mechanism of pertinent to examine the influence of hallu-
psychoses and in particularthose influencesof cinogenic and related substances on trans-
drugs anti endogenous chemicals which may mission phenomena in the visual system of the
have a bearing on the genesis and course of cat. In view of the higher vulnerability of the

" _Read before the Tenth Annual Meeting, S_'iety %vnapses in neural pathways we (lesioned our
of Biological l'sychiatry, Chicago, June It 12, 1055. experiments to test the suscel)t;bility of
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BoO't,

CEREBRALSYNN:>TICACTION OF ADRENALINE AND

OF NOR-/_ORENALINE

IN A TWO NEURONE INTERCORTICAL (TRANSCALLOSAL) SYSTEM

Potemlals e_oked In opec cortez by electrical stlmulaUon of symmetrical
point _ conta-aJatteral cortex.

AdretmlI_ (10 M./Kg.) injected ll_;Llatez'al carotid artery after A.
Nor-adremflJne (150_JKf.) tMected after D.

A, D - ControLs B, E - Inhibition C, F - Recovery

FiG. 2.

<_ H H H

.o -_-_-.' actions upon the rest of the body, an initially
_. _ "c% higher concentration of drug in the cerebral

ADRENALINE(dihydroty-phenyt-etho,dmethylomine) hemisphere containing the synapses under
study through action potential recording was

c/"_"b___ .__,." achieved by injection into the common carotid
¢.3 '. artery of that side as illustrated in the trans-

AMPHETAMINE(phenyt-isopropylomine) parent model (fig. 1). We had already had
experience with the effects of adrenaline and

c"3° noradrenaline in this preparation (1). The
- -;-d action potentials (as seen in fig. 2) show,

¢"a° ;' '" folh)wing the stimulus artifact, a downward
0.3o

MESCALINEOrimehoxy-phenyl-ethylamine) dellection or surface positive wave approxi-
mately corresponding to input to the synapse

TYPES OF PHENYL-ETHYL AMINES and an upward dellection or surface negative
wave indicating arrival at the optic cortex,

PRODUCING MENTAL EFFECTS I)resumably following synaptic transmission.
F=(;.3. Folh)wing the control in the first column the

synapses to drugs. This was accoml}lished as intrat'arotid injection of 10 micrograms of
illustrated in figure 1 by selecting a relatively adrenaline produces little or no effect on the
simply pathway which connet'ts symmelrit'al portion of the curve corresponding to synaptic
points in the Ol)ti( cortices of the tal, initiating inl)Ut but a considerable reduction of the
a test imlmlse by applying an electrital shock surfat'e negative wave. The third column
to one cortex and re_ording the ele('lrical indicates lherecovery to thecontrol level. This

change produced by the nerve impulse arriving synaptit" inhibitiotl by adrenaline is reproduced
at lhe contralateral cortex immediately after in the next line by another neurohumor,

having traversed one group of synapses. '1'o noradrenaline, which takes, however, approxi-
a(hieve cerebral effc(ls utwoml)li_'alt,(I I)y mately 15 limes the dose. Adrenaline, though
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CONTROL MAXIMUM EFFECT RECOVERY

CEREBRAL SYNAPTIC ACTION OF MESCALINE

IN A TWO NEURONE INTERGORTIGAL (TRANSGALLOSAL) SYSTEM

SPIKE POTENTIALS EVOKED IN OPTIC CORTEX OF THE CAT

BY ELECTRICAL STIMULATION OF GONTRALATERAL CORTEX EVERY 2 SECONDS

MESCALINE H@ ISM6./K6. I_EGTION INTO FEMORAL VEIN

Fro. 4.

not a hallucinogen, does occasionally produce No - - -.,c. 3 ,mental disturbance and supplies a lead because
of its structural similarity (fig. 3) to ampheta- .o
mine which produces mental disturbance some-
what more often, and mescaline which produces ADRENALINE ADRENOCHROME
behavioral disorder in cats and mental dis-

N _.. I- C2H5
turbance with intense hallucinogenic effects __c#_regularly in man. We have therefore examine_l

the effects of these substances also on the % y--CS 3 /%

optic cortical preparation described, and they _ HO_-C-C-NH 2

produce the same type of synaptic inhibition
as that produced by adrenaline. The inhibition
by mescaline is shown in figure 4.

Lysergic acid diethylamide (LSI)-25) is an SEROTONIN
even more powerful disturber of mental LYSERGICACID
processes than mescaline. In figme 5, its DIETHYLAMIDE(LSD :>5)
structure is compared to that of adrenaline l:tc..5.
and to its first oxidation product, adreno-
chrome, which is related to LSI)-25 by the action of LSI)-25 on the optic cortex. In
fact that like it, it contains the indole nucleus, keeping with the structural analogy drawn
A(irenochrome, in fact, has been claimed by and the higher potency of I,SI)-25, it [)roduces
Hoffer, Osmond anti Smythies (2) to be optic cortical inhibition (fig. 6) in a much
capable of reproducing a schizophrenic-like smaller dose.
syndrome in man whet) injected intravenously. Serotonin or 5-hydroxy-tryptamine which
I.SI)-25 through arlrenochrome and adrenaline (as seen in lig. 3) is another indole derivative
seems to be related to mescaline, and, there- having a close resemblance to adrenochrome
fore, it seemed of interest to determine the has been suRgested by XVoollev and Shaw (31
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CONTROL MAXIMUM EFFECT RECOVERY

CEREBRAL SYNAPTIC ACTION OF L.S.D.25

IN A TWO NEURONEINTERCORTICAL(TRANSCALLOSAL)SYSTEM

POTENTIALS EVOKED IN OPTIC CORTEX OF THE CAT

BY ELEGTR)CAL STIMULATION OF CONTRALATERAL CORTEX EVERY 2 SECONDS

LS D25 8 DGIKG INJECTED INTO CAROTID ARTERY

I"[G.O.

Io0'_,

CONTROL MAXIMUM EFFECT RECOVERY

CEREBRAL SYNAPTIC ACTION OF' SEROTONIN

IN A TWO NEURONE INTERCORTICAL (TRANSCALLOSAL) SYSTEM

POTENTIALS EVOKED IN OPTIC CORTEX OF THE CAT

BY ELECTRICAL STIMULATION OF CONTRALATERAL CORTEX EVERY 2 SECONDS

SEROTONIN 2 _UG/KG INJECTED INTO PSILATERALCAROTID ARTERY

I"m. 7.

as a l)ossible competitive alllagolliSl of 1,S1)-25 or some related substance coul(I well play tile
because of the structural similarity with the role of endogenous hallucinoF, en or cause of
laUer as well. Trials on the same I)rel)aration nalural psychosis. Since we have previously
reveal (fig. 7) Ihal instead of anla,_onizin R the demonstrated (1) in the synapses examined in
synaptic inhibition, it Im,lmes the same lype this work and in a variety of other cerebral
of inhitfition aud is r(msi(lerahly more polenl synapses that a h:dam'ed reciprocal relation
in the cat Ihan all of l'tle other compounds exists I)etweell an adrenergic inhibitory
menlirme(]. In fact, ils effecliveness in gamm;t inechanisln ;11111 it cJloJinergic excilalorv ()lie,
quantities qualilies this ilaltlra[ (()IISIiII|(.'II| (ll" jill5' facl(_r lel'alhlg to upsJ,'l this I}alilll,,-e cmdd
lhe brain for ihe role of a neurohvmoral result in disturbance.

synal_li( inhibilor, hmlead of being an anlidole II seems i)lalttsil)lt' h) poslulate Ihat cerebral
for 1,$1)-25, the, thldin_s su_,Kesl that serot_mit_ sylmptic iuhihitiot_ plays a Im.rl in the actima
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of hallucinogens and other inducers of chemical for therapeutic agents can at the _me time
psychoses of endogenous or exogenous origin, quite effectively make use of drugs as tools in
either by the direct disruption of normal the analysis of the process which it is desirable
patterns of synaptic activity responsible for to diagnose and to modify therapeutically.
behavior, or indirectly by inhibiting normal
restraints and thereby releasingaberrant BIBLIOGRAPHY
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sis instead of placing emphasis on an excess of 3. Woolley,D. W., and Shaw, E.: Some neurophysio-
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place it on some other pathologic process
creating an unusual sensitivity of certain THE VETERAN'S ADMINISTRATION RESEARCI[
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of mental disease. It is evident that the search PITTSBURGH6 PA.


