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SUMMARY i_.

In rats, the dyskinesta elicited by a severe LSD intoxication was
well prevented by pregnenolone-160c-caxbonltrile (PCN), CS-I, ethyl- _ i
estrenol, norbolethone, prednisolone, triamcinolone and estradiol, _
but onlyjustsignificantlyby progesteroneand phenobarbital.It is _ ,

evidentthatsteroidsgreatlydifferingin theirclassichormonal, as
wellas intheirenzyme-inducing,capacitiescan offerconsiderable I
protection against I._D intoxication, i

Several excellent reviews (1, 2) deal with the pharmacology and toxicology I

of lysergic acid diethylamide (LSD). From these, it is evident that many of

the effects of LSD may be counteracted in man and animals by chlorpromazine
tl;

and other phenothiazines. Reserpine, on the other hand, appears to exacerbate !,
the symptoms of I_D intoxication. Distribution studies with 14C-labelled LSD

showed that it is concentrated in the liver, but relatively little is found in the

brain. It appears to be excreted by the liver in the form of 2-oxy I_D (3).

Comparatively little is known about the effect of steroids upon LSD intoxi-

cation. In rabbits, the EEG changes produced by LSD are said to be prevented

by hydroxydione,androstanoloneand, toa lesserextent,,by 19-nortestoste- !_'

rone and methylandrostanolone(4,5,6).Both LSD and progesteronealterthe

characteristicsofopticallyevoked corticalpotentialsinthisspecies.Proges- i!°

"-" terone also inhibits LSD metabolism in an in vitro system; hence "it may be

postulated that both drugs act on common cellular sites. It is suggested that

progesterone may block the action of LSD by interfering with the I-_D-recep-

for relationship of the cell" (7).
• t
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In rats, the behavioral changes induced by LSD could be suppressed by

desoxycorticosterone (DOC), corticosterone, 17-dehydrocortisone, ll-dehy-

drocortisol, dehydroisoandrosterone, testosterone, androsterone, pregneno-

lone, etiocholanolone and progesterone. Other naturally occurring steroids

tested were ineffective (8). The time required by a rat to climb a rope for a

food reward isprolongedby I._D.This behavioralchange iscounteractedby i

pretreatment during three days with i.p. injections of dehydroisoandroster-

one, androstenedione, cortisol, progesterone, testosterone, pregnenolone,

DOC, dehydrocorticosterone, androsterone, etiocholanolone, corticosterone

and ll-desoxycortisol, approximately in decreasing order of activity. Of all

steroids tested, only estradiol was inactive in this respect (8, 9).

I During the pastfew decades, countlessobservationshave shown thatste-
i

roidsplaya decisiveroleindeterminingthe resistanceofthebody against

_-_i the most varied types of injury. In this respect, they can be classified ac- '
cording to their mechanism of action into two main groups: (a) "syntoxic" ste-

roids which improve tissue tolerance by permitting a symbiotic type of co-

existence with the pathogen (e. g., by suppressing nonspecific inflammatory

or allergic reactions against it), and (b) "catatoxic" steroids which actually

destroy the aggressor (e. g., through the induction of hepatic microsomal or

other enzymes). The syntoxtc effects are virtually limited to glucocorticoids,

whereas the catatoxic properties appear to be quite independent of any other

known steroid hormone action (10). Thus, pretreatment with such catatoxic

, steroids as spironolactone, ethylestrenol, norbolethone and many steroid
carbonitriles has been shown to offer protection against the subsequent admin-

l istration of digitoxtn (11), mercury (12), pesticides (13), carcinogens (14), nico-tine (15), excessive amounts of steroid hormones 06, 17), tyrosine (18), and

_ wellover I00othertoxicantswidelydifferingin theirchemical structureand

_i! pharmacologicactions(I0).These findingssuggestinterestingclinicalappli°

l ! cations in the prevention of diseases caused by exogenous or endogenous in-
_ _ toxications.

i!_ _ Based on these observations, we 'i undertook to examine the influence of

i t varioussteroidsupon I._Dintoxicationincomparison withseveralcontrol

'i :_ substances, suchas thyroxine (lmown to affect numerousforms of microsomal

I :_; enzyme induction) and phenobarbital (one of the most potent nonsteroidal en-
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zyme inducers of this type).

Matertals and Methods

Female ARS/Sprague-Dawley rats (Madison, Wisc., U. S. A. ) with an ini-

i tial body weight of 100 g (range 90-110g) were maintained exclusively on Purina

Laboratory Chow and tap water, divided into 15 groups and treated as outlined

in Table I. To obtain the best catatoxic effect, it is important to allow a few

days of pretreatment; hence, all animals received D-lysergic acid diethyl-

amide (I._D)at the dose of I00 _g per I00 g body weight, in I rnlwater i.v.,

once, on the 4th day of treatment with the potentially'protectivesubstances.

The following steroids were tested for possible protective or sensitizing

effects :

PCN [3_-Hydroxy-20-oxo-5-pregnene-16_-carbonitrile (Searle)],

CS-I* [9_-Fluoro-ll_3, 17-dihydroxy-3-oxo-4-androstene-17o¢ _

propionic acid potassium salt (Searle)],

Ethylestrenol (Or ganon), _

Spironolactone (Searle), il

Norbolethone (Wyeth),

Oxandrolone (Searle), i' i:

Prednisolone acetate (Roussel), ,:

Triamcinolone (Lederle),

Progesterone (Schering), iiI
Estradiol (Roussel), _

Desoxycorticosterone acetate (Schering), ,_

Hydroxydione sodium hemisuccinate (Pfizer).

All steroids were administered at the dose level of 10 mg in 1 ml water

(homogenized with a trace of Tween 80), p.o., twice 'daily, throughout the il

period of observation.

L-thyroxine (B. D. H. ) was injected subcutaneously (in the form of its so-

dium salt) at the dose of 200 _g in 0.2 ml water, once daily, and phenobarbi-
t

* For Catatoxic Steroid Number 1. (Manufacturer's code number: SC-11927) _

, The first nonhormonal steroid shown to possess catatoxtc activity.
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_ tal sodium (B. D. H. ) at the dose of 6 mg in l ml water, p.o., t_tce daily; on

•i the san.e days as the steroids.

i Table I lists the degree of "dysktnesia", 30 min. after I._D injection,in a

J scale of: 0 = no change, l=Just detectable, 2 = mild, and 3 = maximal motor

disturbances, as described elsewhere (10). However, in view of the subjectiv-

ity of such assessments, for statistical purposes, we recognized only two

grades: minor and sometimes dubious degrees of dyskinesia (0 to 1 in our
' i

scale) were rated as negative, all others as positive. These data were then

arranged in a 2 x 2 contingency table and the statistical significance of the ap-

parent differences between the control and pretreated group computed by the

"Exact Probability Test" of Fisher and Yates (19, 20).

Results

, Our results are summarized in Table I which shows that the dyskinesia

elicited by severe LSD intoxication was well prevented by PCN, CS-1, ethyl-

estrenol, norbolethone, predntsolone, triamcinolone and estradiol, but only

' just significantly by progesterone and phenobarbital. The other agents tested

! remained without effect.

TABLEI

Effect of Various Steroids, Thyroxine and Phenobarbital
on I_D Intoxication

Treatment Dyskinesia

None 11/15
PCN 0/14 ***
CS-I 0/I0 ***

, Ethylestrenol 2/15 ***
Spironolactone 6/15 NS

i Norbolethone I/I0 ***
_, Oxandr olone 5/10 NS

Prednisolone Ac. 0/10 ***
' Triamcinolone 0/15 ***

Progesterone 3/10 *.
_.._.i Estradiol 0/I0 ***

DOC -Ac. 4/8 NS
Hydroxydione 4/10 NS ,

" Thyroxine II/15NS
, Phenobarbital 3/10 *w

i : " NS = Not significant; * = P<0.05; ***-- P<0.001

7
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Discussion

As statedin theintroduction,severalearlierinvestigatorsnotedthat

certainsteroidscan counteractthe manifestationsof LSD intoxicationinva-

rious species.Ingeneral,thishas been ascribedtoperipheralantagonisms,

possibly to interference with I_D receptor sites (7) or to the central nervous

, effectof such anestheticsteroidsas hy_roxydione(6).
J

Our experiencethrows no lighton thepossibleeffectofsteroidsupon

I..SDreceptorsites.However, itisnoteworthythathydroxydione,the most

potentanestheticsteroidof our series,causes no significantinhibitionof I

I.,SD-induceddyskinesia,whereas estradiol-contrarytothe earlierobserva-

tionsof Bergen et al. (9) - was maximally effective in this respect, although _.

: itisdevoidofanestheticproperties. I

! !
The catatoxicsteroids,which are known tobe potenthepaticmicrosomal i

"_ i drug-metabolizingenzyme inducers,proved tobe highlyeffectiveinantagoni- !ii

zingthetoxicityof LSD. However, microsomal enzyme inductiondoes notap- i::

I pear tobe the onlyfactorinvolvedinthistypeofprophylaxissincethe syn-

toxic glucocorticoids of our series (prednisolone and triamcinolone) were

! alsohighlyefficacious,whereas phenobarbital(oneofthe most potentnon-
steroidalhepaticmicrosomal enzyme inducers)providedonlybarelysignffi-

, cantprotectionagainstLSD.

Only extensivemetabolicand neurophysiologicalstudiescouldbe ex-

pectedtoclarifythe mechanism throughwhich steroidscounteractthe toxl-

cityofI..$D,but itisalreadyevidentthatsteroidswhich differwidelyin

theirhormonal and enzyme-inducingpotenciescan protectthe ratagainst

! severe I.,SD intoxication.
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