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tative symptoms. Death occurs as a result of respirator), failure. Disturb-
ances of respiration which sometimes develop into respirator)" arrest
may occasionally be seen in animals after the relatively small LSD doses
of 50-1007/Kg., and seem to be the expression of the LSD effect on the
respirator), center.

In chronic experiment_ in rats we have been able to give 2.5 rag. Kg.
LSD daily i.v. for a period of 30 days without losing any animals. Since

the maximum tolerated single dose in the rat is approximately 3.2
mg./Kg, no cumulative factors seem to be present in the light of
what we know about the excretion of LSD. Vice versa, no toleration

appears to develop in that the animals pretreated with LSD require
the same LD_.... as the untreated animals. Rats submitted to chronic

LSD effects exhibit tremor, increased reflex response and pilo-erection.
These symptoms, however, are relatively unspecific and decline in
intensity within a few days. Nevertheless, the animals are retarded in
weight increase compared with the controls. Histologic tissue examina-

tions of these animals are not available at the present time. Following

chronic administration in dogs degenerative changes of ganglionic cells
in the brain have been described3

PHARMACOLOGY

The most important pharmacodynamic properties of LSD may be

grouped as follows:

Peripheral El_ects
1. LSD increases the contractility of the uterine muscle and iT_this

respect practically has the activity of ergonovine.
2. The smooth muscle of the vasculature contracts after large doses

of LSD, but this effect is manifested only in isolated vessels and spinal

animals. In the presence of intact nervous innervation, the effect of

LSD on the central nervous system predominates and decreases the
vasomotor tone.

3. The specific adrenolytic action so characteristic of the peptide
alkaloids of ergot is not demonstrable for LSD. However, LSD exhibits
a marked antagonism toward 5-oxytryptamine Iserotonln. Enteramine_.
as detailed below.

CNS Effects

LSD precipitates a multiplicity of vegetative reactions, some of which
are sympathetic and others parasympathetic in nature:
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1. Characteristic of LSD is the mydriatic action present in various
animal species and which can be inhibited by adrenos.vmpathicolytic
agents.

2. In the rabbit, LSD produces a hyperglycemia which can be
inhibited by the hydrogenated ergot alkaloids.

3. High sensitivity toward LSD is exhibited by the centers of heat

regulation. In the cat, dog, and rabbit LSD provokes an increase in
body temperature. The rabbit particularly is so sensitive that doses of

0.5-1_,/Kg. i.v. regularly produce a pyrogenic response. Under anes-
thesia and by pretreatment with hydrogenated ergot alkaloids of the
ergotoxine group, this pyrogenic effect _similar to the glycemia_ can
be inhibited.

4. Animals treated with LSD ha_e an increased pilo-erection indi-
cating increased sympathetic activity.

5. In contrast to the LSD effects already mentioned, other symptoms
seem to be essentially of vagal origin. Thus, increased salivation and
lacrimation are particularly evident in the dog.

6. 50-100_,/Kg. LSD in the anesthetized cat produced brad_cardia
by a central vagal mechanism. At the same time, a blood pressure

decrease may be observed which also is of central origin since it is
absent in the spinal cat.

7. Respiration is effected l,_ LSI) d,,,_s of l_)-5t);, Kg. _hich a_e
distinctly active both in terms of inhibition or stimulation. Large doses
of LSD produce respiratory stamtstill and death.

8. Other CNS effects appear only with doses exceeding 1007 Kg.,
and include increased intestinal peristalsis, vomiting, ataxla, paralysis
of the extremities, etc.

In summarizing, we can say that LSD produces a muhiplicit) of
pharmacologically well-defined effects, the majority of _hich appear
to be of CNS origin. Of greatest interest are effects which are reprt,
ducible with very small doses and in this relation the action of LSI)
on bod_" temperature regulation in the rabbit is outstanding. The
minimum effective doses are readily comparable to those effective iJ_
man. This does not imply any identity of the two effects--the p_r,_-
genic action in the rabbit and the psychic effect in _:an. At most. h_,_-
ever, there is an analogy which ma_ be confirmed further, in that both i_

man and the rabbit, tach)ph_laxis and tolera_ace develop quickl>.
Moreover, it must be emphasized that a considerable number of simple

lysergic acid derivatives as well as the natural ergot alkaloids equall_
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raise body temperature, however, large doses are usually required. Also
others of the aforementioned pharmacologic actions of LSD are not

specific in the sense that they are produced by other substances chem-
ically related to LSD. Marked vegetative stimulation similar to that of
LSD was observed by us in animals and man following administration
of substances which, though structurally closely related to LSD, would
be devoid, in the doses used, of an) psychic effect (lysergic acid din>

ethylamide, lysergic acid pyrrolidine, etc.). So far only the monoethyl-
amide of lysergic acid (LAE 32) proved to be qualitatively similar to

LSD, even though the dose required was ten times larger. It may be
possible that the ethyl groups mav be of decisive importance for the
psychic effect of LSD, the vegetative effects being common to a greater
number of lysergic acid amides.

The marked antagonism between LSD and serotonin first found by
Gaddum" as well as the presence of serotonin in the brain 9'a° have given
rise to new ideas concerning the possible mechanism of action of LSD.
More recent observations render any formulation of such hypoth-

eses _a-°'_a very difficult at the present time.

THE ANTAGONISM TO 5-OXYTRYPTAMINE

A number of peripheral effects of 5-oxytryptamine can be selectively
inhibited by LSD, Our own observations cover not only LSD, but a

large number of LSD derivatives and LSD homologues. Without dis-
cussing details, it can be said that more or less marked inhibition of
serotonin is characteristic of a large number of lysergic acid deriva-

tives. It is of interest that the psychic action of LSD and serotonin
antagonism do not run parallel as was most clearly established for an
LSD derivative in which bromine is substituted in position 2._* In-
vestigation of this substance shows that serotonin effects on smooth
muscle (uterus, vessels, bronchial musculature), is at least as strongly
inhibited as by LSD. On the other hand, both in pharmacologic tests
and in human experiments, all other effects of LSD were not inherent

in the bromine derivative. No psychic effect of bromine LSD could
be elicited with doses of 1-2 mg. We are thus faced with the fact that

an LSD derivative has lost all properties typical of LSD and yet ex-
hibits definite serotonin antagonism. It is therefore not possible t_,
relate the unique psychic effect of LSD to its serotonin inhibitor_

properties. One might well assume that bromine LSD does not enter
the central nervous system and its serotonin-inhibitory effect may,

therefore, be limited to the peripher) only. However, the presence of






