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Evidence of Catecholamine Mediation in the 'Aberrant' Behaviour Ind uced by Lysergic Acid Diethyl-

amide (LSD) in the Rat

Since the first report oil the properties of I_SI) _ several Two aspects of activity were rated. (a) Aberl-aut be-

hypotheses have been advanced to explain tile potent haviour, and (b)locomotor excitation. The scoring system
w psychotomimetic action of this con)pound. Based on its for (a) and (b) rest)ectively was on a 0 8 continuum.

profound serotonin blocldng activity on peripheraltissues'-' l;or l.S1) induced aberrant behaviour (].SI)-:\B) :
it was postulated that LSD could antagonize serotonin a 0, norllml activity as exhibited by' 0.9_o saline lreated
in the brain. Later theories proposed a serotonin-like rats; 2, slight sniffing and side to side head movements;

central action 4,5. However the advent of u-2-bromo- 4, strong sniffing and head movements, licking dud jaw
lysergic acid diethylanlide (BOL-148) showed this sub- nlOvements; 6, incessant sniffing, licldng, biting of wire
stance to be a nlore potent serotonin antagonist than mesh floor; 8, as tor 6 with tile addition that tile aninmls

LSD _,7 and the discovery that it was without psychoto- lie with their jaws firmly clamt)ed on the wire mesh fh)or,
mimetic activity cast doubt on the serotonin deficiency practically immobile except for st)oradic twitches of the

theory. From a study of 18 derivatives of lysergic acid body; occasionally h_terrupted by aggressive-like reac-

' CEIILETTI 8 found a strildng parallelisnl between tile tions, l,ocolnotor excitation was scored as: 2, slight;
.*_ central activity in anilnals and the psychotic effects in 4, moderate; 6, strong; 8, very strong.

...... ll_lltn. BRODIE et al. 'a pointed out that besides being an Tile score for each separate rat was assessed at 10 rain

indole, LSD possessed a phenylethylanline skeleton and intervals for tile first hour and then subsequently every

Suggested that its main action was through stilnulation 211 nlin up to tile ternlination of the trial. The scores
_'i of central adrenergic receptors. This contention was re- obtained were totalled thus yielding 6 values for each

i! iterated by COSTA et al. in 1962 TM. group. These values were then compa,'cd for signifi(ance
It is clear that despite nmch discussiou the nlode of against tile rest)ective control using the \Vilcoxon's Two-

:¢; action of LSD on central nervous function is still unre- Saluple Rank ()rder Test (non-parametric).

solved. One reason is tile lack of a suitable experilnental All drugs were injected by the s.c. route unless other-

_' model in animals by means of which tile typical effects of wise stated. 1)etails of pretreatnlent times are given in the

*_ LSD as seen in man can be reproduced. Attelnpts towards legend to the lgigtlres, l .SI) tartrate was dissolved in o.9%
" this problem have nlade use of tile pyretogenic effect of saline. Test drugs were dissolved in tile same meditun

i LSD in rabbits u,12 which is produced with closes similar except where otherwise stated. Injection vohune was
' :_ in order to the human psychotic dose. llowever the in- 10 nfl/kg body weight.

fluence on temperature regulation in the rabbit is difficult Dmtgs tested l)ibena nine hydrochloride, phenoxybellza-

to compare with the behavioural action in man. mine hydrochloride, pl-onethalol hydrochloride, pro-
Irl the rat behavioural effects of LSD can be delnou- pranolol hydrochloride. Reserpine (base), chlort)romazine

;_, |_atedonly by the administration of relatively high doses, hydrochloride, perphenazine tartrate, 13OL-148 (i7-2-
_e pattern of arousal exhibited however is both repro- brom-lysergic acid hydrogen tartrate), l)eseriI (1-methyl-

@tie.able and typical. The behaviour consists of a strong D-iysergic acid hydrogen nlaleinate), desnlethylimipra-
_tcitement with clearly recognizable sytnptonls including mine hydrochloride, disulfiranl (tetraethylthiuranl distil-

astereotyped component with accompanying sympathetic phide), parachloro-phenyl-ahn_ine, _-methyl-para-tyro-
stimulation. Using such 'aberrant' behaviour it has been sine (base). The amino acids, and disulfiraln were admin-

possible to develop a method for the study of drug in- istered as an aqueous suspension. Reserpine was nfixed

fluences on the action of LSD. Although it may be with an equal amount of tartaric acid, 5 drops of absolute
questionable whether such behavioural disturbances in- ethyl alcohol, and made up to w)lunle with distilled
duced in animals are representative of the psychoto- water.

mimetic action in mail, there seems to be no reason why, l?es_dt,s. Following the injection of 5 mg/kg I.SD into

for lack of a better model, these effects cannot be sub- rats a typical and profolmd excitation is produced. Within
" jetted to closer examination in tile hope of gaining some

ins}_ht into the mode of action of LSD.
J_ethod. Experiments were carried out in male Sprague-

m Dawley rats (170-220 g). The rats were kept in tile labora- _ \V. A. STOLL, Schweizer Arch. Neurol. Psychiat. 60, 279 (19471.
tory for at least 24 h before use, at a constant room tern- 2 j. H. GADDU_I, Ciba Foundation Symposium on Hypertension
perature of 22 °C. Food and water were available ad Iibi- (Churchill, London 19531.

turn up to 3 h before the test. Half an hour before injec- 3 D. W. WOOLEV and E. SH*W, Proe. hath. Acad. Sci. USA 40, 228
lion of LSD the animals were removed from their home (1954).

cages (housed 3 to a cage) and transferred to tile expert- 4 D. W. \VooI.E'*" and E. SuAw, Br. reed. J. 2, 122 (1954).
mental cage. The latter consisted of a Plexiglass container a [:. I)INALDI, L. I-1. RUD'*"and II. E. ItI:XlV¢IClt,Anl. J. Psyehiat.
21 X 36 × 15 cm fitted with a steel wire mesh fhlor raised 112, 678 (19561.

6 A. CERr.V:TTIand E. ROTIILIN, Nature 176, 785 {1955).
2 em above the bottom of the cage. fixt)erimental trials 7 E. I<OTULIN, J. Pharm. Pharmae. 9, 569 (1957).
consisted of one control group injected with 5 or 3 lng/kg 8 A. CERLETTI, in Neuro-Psychopharmacology, First Int. Meet.
S.C. of LSD tartrate, and test groups injected with the Neuro-l_sychopharmac., Rome 1958 (Eds. P. B. BR*DLE"G 1'.
same dose of LSD as well as the test substance. All groups DF_N_KH¢and C. RADOUCOTuo_*s; Elsevier, Amsterdam 19591,
consisted of 6 rats. Obserwttion of the behaviour con)- vol. 1, p. 117.

menced immediately after the administration of LS1) and 9 B. B. BROmE, S. SPEC'rOR and P. A. SHORE, Pharmac. Rev. 71,

lasted for 3 h. For the purpose of facilitating observation 548 (1959).
lO E. COSTA, (;. L. (]ESSA, C. HIRSCH, R. KUNTZMAN and B. 13.

3 rats were allocated to each experimental cage, 4 sets of I_ROD1E, Ann. N.Y. Acad. Sci. 96, 118 (1962).
3 rats being observed sinmltaneously. For each drug tested _l A. HORH'A and J. M. DH.LE, Science 120, 1100 (1954).
a fresh LSD control was set up. The behaviour was '_ A. IIORVrA and J. H. GOGERTY, J. Pharmac. exp. Ther. 122, [95
assessed nsing a scoring systeln under blind conditions. (19.58).
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5 min the rats exhibit piloerection, mydriasis and com- Al]ercan_ [%omotor
mence a light but persistent aimless sniffing. This is behaviour [×citation
accompanied by an increase in locomotor activity in the
initial phase of drug action, but which is gradually super- 30 o o

vined by an intensification of sniffing. Incessant head _ q _ _movements from side to side, together with compulsive _20 __(_ _ Dibenamine

licldng and chewing movements appear within 10-15 min _ _0

after administration. This activity culminates in what <_
appears to be an abnormal or 'aberrant' pattern of 0

behavioural characterized as a strong tendency to bite or
gnaw the wire mesh floor of the cage (see Figure 1). The 30

maximum intensity of this syndrome is reached 45-60 min _ I_ ] ___

after receiving LSD. At this point locomotor activity may _ Z0 _-_ Phenoxy-benzamine
be impaired and the animals exhibit a reduced pelvic _ ]0 **

elevation with the hind limbs placed flat on the floor in a <_ _-_ _ ___]splayed position. Occasionally when rats are in contact 0
with each other, some exhibit an aggressive-like reaction

denoted as a rearing on the hind legs and facing the other 30

animal with both fore-paws extended. This is accompanied _ [_ l]_6l _i__

.... by frequent teeth chattering and vocalization. Actual _ 20 [_ *r_*_n Pronethalol

biting however is rarely seen. After about 80-90 rain this _ ]0
activity subsides until 100-120 min few symptoms are >

observed. The animals then appear completely exhausted. < [_q * _..... The effects of e- and fl-adrenergic-blocking agents,

namely dibenamine, phenoxybenzamine, propranolol andd O

•_,_; givenPr°nethal°l on LSD-induced aberrant behaviour areinFigure 2. _ 20 112;11[--7_ _ _ _ _----,, ,--,

"_'' _ Propranolol# ..... A clear dose related inhibitory action was obtained for _ 10
_ ....... all compounds with the exception of dibenamine. This

_ was the weakest antagonist of this group and produced 0
clear inhibition of LSD-AB only in the highest dose. At C 7.5 15 _0 C 7.5 15 S0 mg/kg s.c.

this level locomotor excitation was also reduced. Phenoxy-
benzamine was particularly effective, producing a pro- Fig. 2. Influence of adrenergic blocking drugs on LSD-induced

_ : found inhibition of LSD-AB in all doses tested, and behaviour. C, LSD 5 mg/kg s.c. Doses of investigated compounds
qualitatively it produced a concomitant depressant administered 2 h before LSD. Statistical significance (p): 0, > 0.05,

, < 0.05, **, % 0.01. Results expressed as the average total score
action on locomotor activity similar to dibenamine. The obtained for each group in 3 h.
2 fl-adrenergic-blocking agents however, unlike the e-

,._ blocking drugs only produced an inhibition of LSD-AB
whilst in the same doses left locomotor activity unim-
paired.

Although these 4 drugs are established adrenolytics, 2
of them, dibenamine and phenoxybenzalnine are known

A_erranl LocomoTor
to antagonize serotonin in peripheral tissues. Thus it behavi0ur [x_]lat]0n
seemed interesting to investigate the action of known

serotonin antagonists on this phenomenon. The results of _0 _ o 7. o o31.7

2 such compounds, deseril and BOL-148, are given in _02 _.?0 // 28.[_ oFigure 3. ., 25._

Deseril

/

? A

A ,;.(

31 --%

zg_ ___ zg.E _.o._

I .o 4/ d

/, //,
/

C 5 ]0 15 C _ 1_ 15 mg/kg s.c.

Fig. 3. Influence of serotonin antagonists on LSD-induced behaviour:
C, LSD 5 mg/kg s.c. Doses of investigated compound administered •
1 h before LSD. Statistical significance (p): 0, > 0.05, *, < 0.05,

Fig. 1. LSD-induced aberrant behaviour in the rat. See text for **, < 0.01. Results expressed as the average total score obtained for
description, eachgroupin3h.
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Both substances exerted only weald inhibitory actions of serotonin in the rat brain, without influencing brain

on LSD-AB in the doses tested and did not antagonize levels of catecholamines was found to exert no influence
the locomotor excitation, with the exception of BOL-148 on either LSD-AB or locomotor excitation. In contrast a

which produced weak impairment in the highest dose. single dose of e-methyl-para-tyrosine, a potent inhibitor
The action of 4 psychotropic drugs on LSD-AB are of catecholamine synthesis in the brain but without effect

given in Figure 4. on cerebral serotonin concentrations, produced a strong
The 2 phenothiazines, perphenazine and chlorproma- inhibition of LSD-AB and to a lesser extent LSD-

zinc, exerted a dose related inhibition of the aberrant induced locomotor activity. Within 20-30 min after LSD

i behaviour as well as reducing the locomotor excitation, the _-methyt-para-tyrosine treated animals showed prac-
The action of perphenazine was particularly strong, tically no aberrant behaviour.

Animals pretreated with this substance were practically In disulfiram treated rats only a weak reduction of

inactive. LSD-AB was observed, this slight effect being evident
Following a 20 h pretreatment with reserpine a striking only in the first 30 min following LSI). Disulfiram has

potentiation of the behavioural effects of LSD was been shown to inhibit conversion of dopamine to nor-
observed. The effect of reserpine showed a clear dose adrenaline.

response. The rats exhibited marked sniffing, salivation, Discussion. The results show that e- and _-adrenergic-

and compulsive gnawing of the wire mesh floor. In many blocking drugs, e-methyl-para-tyrosine, and the major
-. cases the animals were aggressive showing a rage reaction, tranquillizers perphenazine and chlorpromazine inhibit
,,; spitting, and vocalization. A slight but significant reduc- LSD induced aberrant behaviour.

tion in locomotor activity was also obtained. The fi-adrenergic-blocking drugs, pronethalol and

A similar but less intense effect was produced by propranolol, exert a selective antagonism of LSD-AB

desmethylimipramine. In contrast to reserpine, des- since in contrast to dibenamine and phenoxybenzamine,
methylimipramine also increased locomotor activity by a no influence on the locomotor activity induced by

significant extent. It should be noted that in this experi- LSD was demonstrated. This observation suggests that
ment only 3 mg/kg of LSD was injected so that the the mechanism subserving LSD-AB is particularly

potentiating effect could be better revealed, sensitive to compounds interacting with the fl-adrenergic
The effect of 3 inhibitors of biogenic amine synthesis in system.

in vivo are given in Figure 5. Para-chloro-phenylalanine It was previously pointed out that phenoxybenzamine

in doses known to almost completely inhibit the synthesis and dibenamine in addition to their adrenolytic proper-

r

,4Derrant LocomoTor I _Derran_ LocomoTor
_._, behaviour [xcilat]on behaviour Exd!ationI

} _ ao

Perphenazine 3['1

" _ 10i] _ *"**V¢7_rnrrl [_] _'_ _ _0 _ para-chlorphenyl-alanine

C 0._ _ 3 C _._ ] _ mg/kg s.c. _ 3 × 100 mg/kg i.p. daily, given
72, 48 and 24 h before LSD.

20 Chlor-_o _ promazine 0
10 35

i _ _ _0 _x-Methyl-para-tyrosine

120 ing/kg i.p. 20 h before LSD.

,_ 40 _ r_

30 Reserpine _ 10

0 35
1,_ _ O 1.5 _ 6 ing/kg 30

40 _] _

Desmethyl- _ Disulfiram 300 mg/kg i.p.

Z0 o imipralnine _ 5h beforeLSD.

(] 0 7.5 15 _0 C 7.5 ]_ 30 Ing/kg s.c. 0

Fig. 4. Influence of psychotropic drugs on LSD-indueed behaviour. Fig. 5. Influence of biogenie amine synthesis inhibitors on LSD-
C, LSD 5 mg/kg s.c. Reserpine given i.p. 20 h before LSD. All other induced behaviour. C, LSD 5 mg/kg s.c. Statistical significance (p) :
compounds administered 2 h before LSD. LSD 3 mg/kg s.c. was used 0, > 0.05, *, < 0.05, **, % 0.01. Results expressed as average total
in the experiment with desmethylimipranline. Statistical significance score obtained for each group in 3 h.
(p): 0, > 0.05, *, < 0.05, **, < 0.01. Results expressed as the

, average total score obtained for each group in 3 h.
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ties, possess serotonin antagonistic characteristics la 15. The profound stimulation induced by LSD in reserpin-

That this latter property was not responsible for their ized rats confirms earlier findings17, a2. \Vhy reserpine
profound inhibitory action on LSD-AB is indicated by should potentiate the behavioural action of LSD is not

the weak antagonism obtained with BOL-148 and deseril, clear, in reserpinized animals there is a constant overflow"

DOEPFNER 16 has pointed out that deseril does not enter of newly synthesized catecholamine in adrenergic" neu-

the brain as readily as LSD. However in the present rones a3-a5 as a result of impaired intraneuronal storage.
experiments relatively high doses were adopted. Further- Uptake of catecholamine into the axoplasm however still
more BOL-148 has been shown to exert clear antagonism occurs. Accordingly, it may be possible that LSI) either

of the potentiating action of serotonin on barbiturate sensitizes the central adrenergic receptors to the action

anaesthesia 17 which is of central origin. The fact that of the available catecholamine, inhibits the re-uptake

BOL-148 has also been detected in the brain in the same mechanism of catecholamine into the neurone, and/or
way as has LS1) indicates that it is unlikely that these possesses monoamine-oxidase inhibitory properties. This
drugs were not present in the brain in sufficient amounts could possibly explain the stronger effect of LSD in

to exert an antagonism to serotonin, reserpinized rats as compared to those animals receiving
Confirlnatory evidence that scrotonin does not play a LSD alone. However until more detailed investigations

major role in the central action of LSD was obtained with have been carried out on this phenomenon, the reserpine
para-chloro-phenylalanine. This compound has been potentiation of LSD can only be speculated upon.

shown to be a potent and selective inhibitor of serotonin Desmethylimipramine is a tricyclic antidepressant
biosynthesis _8. The dose regimen adopted in the present which is believed to act by inhibition of the re-uptake of

investigations is known to cause almost complete reduc- noradrenaline into the neurone after release by nervous

tion in brain concentrations of serotonin without affecting impulse36-39. Since LSD appears to act through cate-
catecholamine levels. Despite this fact para-chloro- cholamine mediation in producing aberrant behaviour,

phenylalanine failed to exert any influence on LSD-AB the potentiation of this effect by desmethylimipramine
or the accompanying locomotor excitation, should be expected and supports the assumption of the

•; It would appear therefore that the antagonism against LSD mechanism.

','- LSD-AB produced by the adrenergic blocking agents As stated in the introduction it is possible that the
reflects a true central adrenolytic action, and furthermore aberrant behaviour produced by LSI) in the rat does not
suggests that the action of LSD is subserved by an reflect the psvchotomimetic action in man. However the
adrenergic component.

Similarly the clear and significant inhibition of LSD-
AB by _-methyl-para-tyrosine, a selective inhibitor of

catecholamine biosynthesis _9, gives strong support to the

contention that catecholamine mediation is responsible _3 ]. H. GADDUM, in Symposium on 5-Hydroxytryptamine (Ed. G. P.

for the excitement observed with LSD in the present _ LEwis; Pergamon Press, London 1958), p. 195.
experimental situation. It is of interest that besides v. ERSeAMER, Archsint. Pharmacodyn. Thdr. 93, 293 (1953).

1_ j. H. GADDUM, A. KHAN-HAMEED, D. E. HATHWAY and F. F.
causing an increase in brain levels of serotonin, LSI) STEPHENS, Q. JI exp. Physiol. g0, 49 (1955).
produces a significant concomitant lowering of nor- _ W. DOEPFNER, Experientia 18, 256 (1962).
adrenalin and dopamine concentrations in the rat _7 M. TAESCHLER and A. CERLETTI, Pharnlae. exp. Ther. 720, 179
brain 2°-22. Thus it could be that LSD release catechol- (1957).

amines centrally. 18 K. KOE and A. \\fEISSMAN, J. Pharmae. exp. Ther. 15d, 499 (1966).
The question arises, which of the 2 amines, noradrepa- _9 S. SPECTOR, A. SJOERI)S_IAand S. ITDENFRIEND, J. Pharmae. exp.

line or dopamine contributes to the effects of LSD ? Ther. 147,86 (1965).
2, D. X. FREEDMAN, J. Pharmae. exp. Ther. 13d, 160 (1901).

Disulfiranl, a compound which inhibits the conversion of 2_ D. X. FREEDMAN, Am. J. Psychiat. 119, 843 (1963).
dopamine to noradrenaline_3, 24, produced only a small 22 S. A. ROSECRANS, R. A. LOVELLand D. V. FREEDMAN,Bioehem.
although significant attenuation of LSI)-AB. Since after Pharmac. 16, 2011 (1967).

disulfiram brain levels of noradrenaline but not those of 2_ j. MUSSACHIO,I. J. KOPIN and S. SNYDER, Life Sci. 3, 769 (1964).
dopamine are reduced, it could be argued that a persist- 24 M. GOLDSTEIN, B. ANAGNOSTF.and E. I.AUBER, Life Sei. 3, 763
ance of aberrant behaviour in this experiment suggests a (1964).
dopamine mediated effect. However GOLDSTE1N 25 has 2a M. GOLDSTEIN, I'harmae. Rev. 18, 77 (1966).

pointed out that disulfiram does not completely inhibit 2, A. PLETSCHER, M. DA PRADA and G. FOGLAR, 5th Int. Congr.
Neuro-psyehopharmae. (Exeerpta Medica, Amsterdam 1967),

brain noradrenaline synthesis, and thus the possibility p. 101.

exists that in the present experiment a sufficient reduction _Tj. M. VAN Rossu_*, 5th Int. Congr. Neuro-psychopharlnae.
of this catecholamine was not achieved. The definite proof (Exeerpta Mediea, Amsterdam 1967), p. 304.
concerning the responsible catecholamines implicated in 28 A. PLETSCHER and M. DA PRADA, 5th Int. Congr. Neuro-psyeho-
the observed action of LSD must await further data from pharmae. (Exeerpta Mediea, Amsterdam 1967), p. 304.
studies on the biochemical mechanisms involved. 29 H. NYBAECK,G. SEDVALLand I. J. KOPIN, Life Sei. 6, 2307 (1967).

The action of perphenazine and chlorpromazine in 30 D. F. SHARMAN,Br. J. Pharmac. Chemother. 28, 153 (1966).
antagonizing LSD-AB may reflect an action on central 3_ D. F. SHARMAr¢,Br. J. Pharmae. Chemother. 30, (_20 (1967).

32 Z. VOTAVA, S. N. GLISSON and H. E. HIMWlCH, Int. J. Neuro-
adrenergic mechanisms. Chlorpromazine possesses adreno- pharmac. 6, 543 (1967).
lyric properties but is also a potent dopamine antago- a3 j. GLOWZNSKIand J. AXELROD, Pharmae. Rev. 18, 775 (1966).
nist 2e,27. Recent studies with thioridazine carried out on _ g. STJAERNE, Aeta physiol, seand. 62, Suppl. 228 (1964).
the present experimental situation show that it exerts 3_ L. L. IVERSEN, Uptake andStorageo]NoradrenalineinSympathetic
similar inhibitory effects as does chlorpronlazine and per- .Verves (Cambridge Univ. Press. 1967), p. 147.
phenazine. Chlorpromazine and thioridazine are known to _ J. AXELROI), G. HERTTING and L. POTTER, Nature 19.l, 297 (1962).

produce an elevation of homovanillic acid and dopamine a_ 1¢. SULSER and J. V. DINGELL, in Antidepressant Drugs o] Non-
in the corpus striatum _8-_t. It should be of interest there- MAO-Inhibitor type (Proceedings of a Workshop; U.S. Dept. of
fore to examine catecholamine concentrations in the basal Health, Education and Welfare 1966).

as 1.. L. IVERSEN, J. AXELROD and J. GLOWINSKI, 5th Int. Congr.
ganglia in animals treated with LSD, before and after Neuro-psycho-pharmac. (Exeerpta Medica, Amsterdam 1967),
pretreatment with neuroleptics in order to ascertain if p. 326.

this could be the site of action. 39 j. GLOWlNSKIand J. AXELROD,Nature 20d, 1318 (1964). ,
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behavioural syndrome produced parallels the strong chlorphenylalaninen, die nur schwache oder keine Hem-

central effects previously reported by CERLETTI. mung hervorrufen. Es wird gefolgert, dass das bizarre
The work presented here supports the concept that Verhalten durch Wirkung von LSD an Katecholamin-

LSD acts, at least partly, through catecholamine media- strukturen hervorgerufen wird. Die \¥irkung yon 4
tion. psychotropen Pharmaka am bizarren Verhalten wird im

Rahmen dieser Hypothese diskutiert.
Zusammen/assung. Der Einfluss verschiedener Phar-

maka auf das durch LSD hervorgerufene bizarre Ver- A.K. DlxoN
halten der Ratte wurde untersucht. Die Resultate zeigen,

dass _- und fl-Blocker sowie a-Methyltyrosine eine starke Institute o/Medical and Biological Research,

Hemmung dieses Verhaltens erzeugen, im Gegensatz zu Sandoz Ltd., Basel (Switzerland),
den Serotonin-Antagonisten Deseril, BOL-148 und Para- 2 May 1968.


