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Among 1he many hundreds of pubheations on 13D, relatively {ew have dealt more
extensively with the varicus effects of this drug on the AUTONDIMIC NETVous system.,
This may be the reason why one of the best reviews of psychopharmacological
problems still contains the statement that “one cannot draw any conclusions re-
garding the central autonomic actions ol LEI¥" 4, Perhaps even less attention has
been paid to the fact that 15D 1s not only chemically but also pharmacologicalty
closcly related to ergot alkaloids. This is true, even thoungh refercnce has been made
several times to the adrenosympatholytic property of ergot compounds when dis-
cussing the antiserotonin efiect ol LSD. 1t scems to the author that in this particular
respect LD has very little in common with the adrenaline-antagonistic group of
peptide ergot alkaloids, whercas in ather respects cormon propertice of the ergot
pharmacology can easily be discerncd also in LsD.

An attermnpl will therefore be made, to define the pesition held by LSTY within the
framework of several well known ergot compounds, Using this general information
as a background, the results of comparative srudics in humans and animals with 18
amide derivatives of hysergic acid will subsequently be reviewed.

Practically all the cifeets of the different ergot alkaloids observed 71 vire and
im vivo can be classed into one of the following six distinet categorivs:
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Based on the activity of different ergot compounds, wheu tested according to
these criteria, a spectrum can be designed for each compound, which allows us to
estimate at once the relative importance of single activity-components within the
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118 DISCUSSION THIRD SYMPOSIUM

overall effectiveness of any of these drugs. The Figs. 1, 2 and 3 may serve bette. tham
a long comment to explain the procedure. In the case of each compound only . relatiws
scale is used, beginning with the minimal effective dose and ending with (»e 700 %,
lethal dose. The position of any single point in one of these “spectra” can thereforg
not be compared directly, for example in terms of milligrams, with a corresponding
point for another derivative. LSD for instance is nearly as potent as ergonovine as
far as its action on the uterus is concerned. But in the case of the natural alkaloid;
an oxytocic dose of 0.1 mg/kg corresponds to enly about 2% of the LD, whereds
for LSD the same amount represents already more than 30% of the LDg. The:
corresponding points in Fig. 3 are therefore differing according to this latter ratio.
An exiensive pharmacological analysis of LSD in our laboratoryt—20-9:11-13 hag,
shown that this substance can very well be defined pharmacologically in terms of th
6 typical criteria (listed above). Proceeding in this way, the surprising fact emerges
that the special feature about LSD is not the appearance of any fundamental new
property, but rather a shifting of the relative importance of the various clements
already present in the natural amide derivative of lvsergic acid, f.e. in ergonovine.
Similarly the hydrogenated derivatives of natural peptide alkaloids achicve their new
pattern of pharmacological activity and ol clinical usefuloess simply by a different
quantitative distribution of the single components. In the case of 1.8D the action on
the higher autonomic centers in the mesadiencephalic arca becomes the most prom-
incnt part of the spectrum. The same is, however, also found in the specirum of
other ergot compounds, but it enters the picture onlv when the toxic dose-range is
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Fig. 1. Ergot pharmacology. The main pharmacologieal criteria determining the overall activity
of ergot compounds.
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approached or reached. In this connection the question might arise whether any of
the types of ergot poisoning in older times ought not to be partly attributed to that
1.SD-like property of natural alkaloids. It is obvious that 1L.5D-like central effects of
ergot alkaloids could not occur in the form of more or less isolated phenomena as is
the casc with regular doses of LSD, but that they were heavily overshadowed by the
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Fig. 3. Activity spectra.
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general intoxication which mostly affected also peripheral structures directly. Anvhow
it does not seem absurd to think that such a masked LSD-like syndrome may possibly
have occurred hundreds of years before the substance LSD itself existed.

The action of ergot compounds on the more rostral parts of the brain, in animal
experiments, gives rise to a number of symptoms mainly in the neurovegetative area
(hyperthermia, hyperglycemia, mydriasis, piloerection, tachypnea etc.) and to hyper-
reflexia as well as to a certain general motor hyperactivity. This whole excitatory
syndrome (= E-syndrome) is markedly developed in the case of LSD, but it is also
provoked by other drugs belonging to the group of simple amide derivatives of lysergic
acid. Since quite a number of such compounds have been studied in the meantime
in hurans as well, we may endeavour to find a certain correlation between their
effect in animal experiments on onchand and their psychic action in man on the other.
We sclected for such a comparison 18 derivatives which are all closcly refated to LSD,
as shown in Fig. 4. For the quantitative classification of this series of compounds in
terms of L8D-like activity in man, the oral dose necessary to produce effects of the
same intensity as T to 1.5 pg/kg LSD, has been determined. The values for the relative
activity estimated in this way, which form the basis for the comparative survey
presented in Fig. 5, are mostly results obtained by TssELLS. As can be seen in Eig. 5,
some peyveliotogenic activity is present in diffcrent L8D-derivatives with variations of
the amide group. As soolt as chemical changes are induced on the ring system, the
{hree chemical groups of examples (groups 13, €, D in Fig. 4) show a certain systematic
odification of their effectiveness: all changes of the steric configuration typical lor
d-lysergic acid lead to a practically complete loss of specific effects not only i masit,
but also in animals and in tests in wikvo. The loss of the G, -C,, doulile bond by hydro-
genation or hydration (dihydro-LSD and Lumi-LsD respectivelyd abolishes in any
case the psychotogenic effect. Pharmacalogically this type of derivatives is, however,
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not as inactive as the isomers, except that, as in the case of the latter, the E-syndrome
completely disappears also. On the right side of Fig. 5, the relative values for the anti-
serotonin and pyretogenic activity of the 18 compounds are also shown on a logarithmic
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Fig. 5. Correlation berween the activity of lysergicjacid derivatives,

scale, and it can be seen that dihydro-1.SD still maintains a considerable antisero-
tonin potency in spite of having completely lost the effects constituting the E-syn-
drome. It is, however, remarkable to note that dihydro-LSD shows other distinet
effects on the CNS, mainly a high stimulation of respiration combined with a marked
convulsive property, being in these respects up 1o 10 times more potent than metrazol
for cxample, In a certain way, this situation is similar with the compounds listed as
group B in Fig. 4. They all have in common that position z of the ring system is no
longer free. e to this facta practically complete disappearance of the psychotogenic
effcet in man and of the E-syndrome in animals can be noticed, although several other
pharmacological properties still persist. It was fherefore interesting to make a similar
comparison with derivatives like those in group T, which all have a substituent in
position 1, 7.¢. on the indele nitrogen of lysergic acid. Chemical modification of this
tvpe has resulied in extremdy interesting derivatives, not only in the group of low
molecular amide-derivatives of lysergic acid but also in the group of natural and
hydrogenated ergot alkaloids. Methylation of the indule nitrogen is especially effective
in diminishing or even eliminating certain central actions of the ergot compounds,
as for example vomiting. In the case of L3SD and closcly related derivatives, the 1-
substitution diminishes especially the pyretogenic cffect, whereas other symptoms of
central antonomic stimulation are not affected and some may even be enhanced. Lf
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therefore, not a single symptom {pyrefogenic effect), but rather the whole reaction
described above as Ewsyndrome is used as the guiding principle for the comparison,
the group of 1-substituted derivatives (compounds 13-18) confirms the existence of
a certain correlation between this pharmacological character of a substance and its
psychic activity in man, It is impossible to evaluate the whole E-syndrome quanti-
tatively in a way as can be easily done with the pyretogenic action. For this reason
the heavy line on the right side of Fig. 5 representing the measured values of pyreto-
genic activity is supplemented by a broken line for the cases where due to reduced
pyrogenicity, it is necessary to rely more on the estimated overall intensity of the
E-syndrome. For the first 12 compounds, no such correction is necessary because the
pyretogenic activity and the degree of total excitatery symptoms vary in parallel.
The only slight exception is the finding that brom-LSD (compound o) in large doses
causes a very small temperature increase without any other excitatory symptoms,
or even reversing themn, causing a certain sedative effect.

We have also included in Fig. 5 the relative antiserotonin activity of the 18
compounds, not so much for stressing again the lack of correlation between this
pharmacological parameter and the findings in human experiments, but rather as a
contrast with the neat congruence which can be found when another hypothesis is
tested. The formulation of such & hvpothesis is the same as that of the general con-
clusion derived from enr comparat:ive study of lvsergic acid derivatives, namely that
@ certain pattern of central autonomic stimulation is once of the major factors de-
termining the psvchotogenic quality of LSI) and LaD-like compounds. An essentially
identical hypothesis had alrcady been put forward some vears ago?, hut it had been
based mainly on the analysis of centrally mediated L5D effects on the sympathetic
system. The pharmacological and clinical study of the L5D-congeners confirms that
hypothesis on a morc general basis. Concerning the more intimate connections
between psychic and antonomic functivns, HESs published a paper? in 125, which
unfortunately has not yet been given the attention it merits, probably due to
the fact that the more dramatic developments of psychopharmacology started only
20 years later. Reading the ultimate conclusions reached by Hiss, without knowing
the date when that statement was made, one could readily assume that it referred
also to LSD. We cannot find a more apt conclusion expressing the gist of the study
which we have presented than by quoting the words of Hess: “Es sind ferner die
Umstimnmungen der psychischen Aktivitdt durch gewisse Reizstoffe zu nennen, auf
welche einzelne Abschnitie des vegetativen Nervensystems elektiv empfindlich sind,
Die Resomanz, welche der Steucrungsapparat der psvehischen Altivitdt — in Folge
seiner Zugehorigkeil zum vegetativen Nervensvstem - auf vegetative Reizstolle
zeigt, Jdsst Symptome auftreten, welche im Kleide sog. “zentraler Wirkungen”,
erscheinen. Analoge Folgerungen aus unsern Auffassungen itber den regulatorischen
Einfluss des wvegetativen Nervensvstemes auf dic Organe psychischer Funktion
ziehen wir in bezug aul dic Pathogenese von Gefsteskrankheiten. Dabel erkennen wir
die Méglichkeit, dass der gleiche Apparat, durch dessen Funkticn die Harmonie
zwischen vegetativen und amimalen Bedirfnissen im Gebicte psychischer Titigkeit
zustande komunt, zum Ubertriger eines Stérungsfaktors wird. Er reisst das an sich
gesunde Organ psychischer Tatigheit mit in den Zustand krankhafter Funktions-
dnsserung hinein und dic im Beveiche des vegetaiiven Neyven-systemes legende Krank-
hettsursache wivd zur Ursache einer Stérung der psychischen Funkfion.”
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