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Abstract. Both LSD and apomorphine produced Investigations of the mechanisms by which reserpine
yperactivity in reserpine-treated mice, LSD being produces potent and persistent central nervous system

more potent and longer-acting than apomorphine. (CNS) depression and by which d-lysergic acid di-
2-Brom LSD and the serotonin (5-HT) receptor ethylamide (LSD)exerts its psychotomimetic (hallu-
agonist quipazine were ineffective in reversing re- cinogenic) effects were initiated over 20 years ago, and
serpine sedation. Treatments with phenoxybenzamine many studies were reported during this period on the
and methysergide failed to block the stimulant effects interaction of these 2 agents (Shore et al.. 1955"

' of either LSD or apomorphine, demonstrating the Winter and Flataker, 1956 Taeschler and Cerletti,
noninvolvement of 5-HT or norepinephrine (NE) 1957" Isbell and Logan, 1957: Himwich, 1959: Freed-
receptors in their action. The ineffectiveness of _z- man, 1960). It was assumed in the earlier reports that
methyl-p-tyrosine in modifying the stimulant effects the main effect of reserpine on the CNS was related
of LSD and apomorphine indicated a probable direct to a depletion of brain 5-HT (for review of the earlier
stimulant effect of these two drugs on the dopamine literature see Costa et al., 1962). It also was found that
(DA) receptors. Low doses of chlorpromazine, halo- LSD had a potent anti-5-HT effect (Gaddum. 1953:
peridol, or pimozide blocked the effects of apo- Gaddum and ftameed, 1954: Woolley and Shaw,
morphine in reserpinized mice, Although these neuro- 1954). Hence, the results of the LSl)-reserpine inter-
leptics significantly reduced the effects of LSD, they action studies were explained mainly on the basis of
failed to block completely the LSD effects even at their effects on the 5-HT system. However, the sub-
higher doses. Apomorphine reduced the _-methyl-p- sequent finding that reserpine not only depleted brain
tyrosine-induced depletion of DA in the whole brain 5-HT but also NE and DA (ltolzbauer and Vogt,
of mice, but LSD failed to do so. From these findings 1956: Brodie et al., 1957: Carlsson et al., 1958) and tl_:
it is postulated that apomorphine acts as a direct DA report of Carlsson et al. (1957) that l,-Dopa, the
receptor agonist, and that LSD may act directly on precursor of catecholamines (CA) but not 5-hydroxy-
a site structurally closely related to DA receptor, tryptophan (5-HTP), the precursor of 5-HT, reversed
but not necessarily identical with it. Repeated treat- reserpine depression, led to the view that the reserpine-
ments with LSD did not lead to development oftoler- induced depression is due predominately to CA
ance to its locomotor effects in reserpinized mice. depletion and that drugs which reverse this depression
Moreover, mescaline and psilocybin, which are known are catecholaminergic. The later findings that drugs
to exhibit cross-tolerance to LSD, failed to produce such as apomorphine which are direct DA receptor
LSD-like effects in reserpine-treated mice. The effects agonists but have little eft'eel on the NE system llirnst.
of LSD on the DA or a related site probably are not 1967; And_n et al., 1967: Roos, 1969), can reverse
solely responsible for its psychotomimetic effects, reserpine depression (Janssen et al., 1965 And6n et

al., 1967 : McKenzie. 1971 ' Bene,_o_5 and Bench, 1972 :
Key wm'ds LSD - Reserpine - l)opamine - Apo- Butterworth et al., 19751 led to the conclusion that
morphine - Norepinephrine - Serotonin - Psi- antagonism of reserpine depression by an agent is
Iocybin - Mescaline - Hallucinogens - Brom- mediated by its central I)A effects. Therefore, the re-
LSD - Neuroleptics - Clonidine - Quipazine. serpine reversal tesl now is widely used to evaluate the

dopaminergic potencies of new agents (for review see
KlawansandWeiner,19741.
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]:l'Olll tile above dcvcloplnenls, it was ['eli that ranging I'foln ILI 6.0 mgk_g mordcr to obtain a dose-responsc

ftlrther studies are needed to explain the LgD-induced felationship and.duration of action. For each dose 9 12 animals

excitation in reserpinized aninlals (Taeschler and _cre used. I-'of the other drugs, namely mescaline 15, 511and 200 Ing
kg), psiloc}bin (5, 511and 200 mg'kg), and bfom-LSl) (1 aud

Cerlctti, 1957 F.lder and l)illie, 1962: Votava et al., 10 mg kg), onl} three micewere used at each dose level. Since the5
1967" Dixon, 1968). We thought that such an effect had no effect, more animals were not tested.

might be due It) a dopanlincrgic action o1" LSD, hence l,,S'/) I'retreatment. These experiments were done m order to
we report here some studies ,ve have made on tile determine whether tolerance occurred for the antireserpine effect

interaction between these two agents. For tile purpose of l.Sl), and whether cross-tolerance existed bet_een I,SI) and

Of con-lparison we have inch_ded apomorphine, 2- apomorphme. Novice mice received LSI) according to tile following

bronl-LSD, psilocybin, mescaline, and quipazine, schedule: ()n the first day they received two doses of I_SD (3 nag kg)
at 9 A.M. and 4 P.M.: on the second day they received three doscs

apomorphine is well known to be a potent DA of l.Sl) (I mgkg each) at 9 A.M., I P.M., and 4 P.M. Control

receptor agonist ([irnst, 1967 And6n et al., 1967; animals received 0.9",, Na('l instead of LSD on fl)c same schedule.

Roos, 1969). 2-Brom-LSI) is a nonhallucinogenic on the third day at 9 A.M., both tile experimental and control

analogue of LSD but retains its 5-HT antagonistic groups were treated with reserpine (5 mg/kg), l:our hours laler

properties (Cerletti and Rothl n, 1955; Isbell et al., each group was divided into two groups and received either LSD(l mg, kg) or apomorphine (I mg/kg) and their motor activity
1959). Psilocybin and mescaline are hallucinogens ex- rccorded.

hibiting cross-tolerance with LSD (Balestrieri and
Fontanari, 1959" Isbell et al., 1961' Winter, 1971). Etlects of _MT am/ Recwtor Bhwkers. Rerserpinized mice were
Quipazine is a central 5-tIT receptor agonist given the drugs lnentioned below. Thetimein parentheses indicates

the times before the administration of either LSD (I mg, kg) or

(Rodriguez and Pardo, 1971" Medon et al., 1973" apomorphineHCl, ilmg, kg).Thedrugsusedwere_MT(250nlgkg|_ I
Grabowska et al., 1974 Costall and Naylor, 1975). base, 3.5 h), phenoxybenzamine (10 mg/kg, 1 h), methysergide '1_

(3 mgkg, 15 rain), haloperidol (1 or 5 mg/kg, 15 rain) and pimozide i ,

10.5 or 3 mgkg, 2 IlL Immediately after LSD or apomorphine wus
given, motor activity was recorded.

M I!TitOI)S lnwractions with ('lonMine. F'our hours after reserpine treatment, the

Drugs used in tins study _efe: d-LSI) tarlrale (Sandoz Labs., Basel, animals were treated with 1 mg/kg clonidine and 3 rain later dif-

Switzerland), apomorphme It('l (Eli Lilly & Co., Indianapolis, ferent groups received either LSDoraponaorphinellCl(I mg, kgl,
Indiana), reserpine, clonidinc lboth from ('iba-Geigy, Summit, New and their motor activity measured.

Jersey), psilocybin (National Institute on l)rug Abuse), brom-LSD
Brain ('atecholami,e keveL_, l)ifl'erent groups of novice animals

(BO[, 148, Sandoz, Basel), mescaline ttCI (Hoffman-La Roche, , were treated with I_SI) (3 mg'kg), apomorphine HCI (3 mgkg) or
Basel ), chlorpromazine t t471 (CPZ ), phcnoxs, benzamine (both from

I 0.9 "o NaCI. Ten minutes later, all 3 groups received :_MT (250 mgkg
Smith, Kline and French Laboratories, Philadelphia), methysergide base). The mice were sacrificed 3 h later, the whole brains rapidly

(SandozPharmaceuticals, ltanovcf, Ne,aJersey),pimozide(Janssent, removed, the CA's extracted by our single extraction method
Pharmaceulica, Beerse, Belgium), haloperidol (McNeil Laborato-

(Fleming et al., 1965), and estimated by the method of Laverty and
ries, Fort Washington, Penns_,l,_aniak quipazine (Miles labora- Taylor 11968). Simultaneous determinations also were made using

Iories, Elkhart, Indiana), and d/-z_-methyl-p-tyrosine methyl ester untreated animals as well as those treated either with LSI) or apo-
h)drochloride (:_MT, Astfa Pharmaceuticals, S6dert/ilje, Sweden). morphine alone.

lhe LSD, broln-LSD, mescaline 1-tCI, dibenzyline, CPZ,

methysergide, clonidine, quipazme, and :xMT were dissolved in

distilled water. The apomorphme HCI was dissolved in distilled

water containing 0.01". ascorbic acid. Solutions of reserpine, RESULTS
pimozide and haloperidol were prepared by dissolving them in

glackd acetic acid and diluting with distilled water so that the final Mice treated with reserpine (5 mg/kg) were completely

solution contained 0.01 " acetic acid. (pH 4.0). Psilocybin was inactive in 4 h, showing the typical reserpine syndrome,
dissolved by warnaing in 0.1 N |ICI and diluting with water. The

drug solutions were administered i.p. in a volume of 0.01 ml/g namely hunched back posture, loss of motor activity,
body w'eight, and ptosis. The l-h motor activity counts of 15 re-

Male Swissmice _llorton Laboratories,Oakland, California), serpinized mice was negligible (11 _+ 4 counts), when
2* "l'

a_cragc weight ,3 _8 g were used and the experiments were per- compared with the 1-h activity of 12 novice mice re-

fornled tit a rOOm temperature of 22 k I 'C. All auilnals were pre- ceiving saline alone (2 380 + 34"_) Both LSD and apo-
treated with a 5 mg kg dose of reserpine and were used 4 h later. -- - "

[)rugs were gi,_cn to the reserpinized mice and their motor activity morphine effectively antagonized this reserpine de-

was recorded by placing fllcm individually in opaque chambers pression within 3 rain, and in many respects their

112.5,< 12.5× 12.5 cm) placed on an activity meter (Model 2S, behavioral responses also were similar in this time.
Columbis Instrument Co., Columbus, Ohio). Familiarization to the Animals treated with 0.3 mg/kg or more showed
new environment before drug treatments was considered unneces-

locomotor activity within 3-5 min. They constantly
sary because they were sedated by reserpine.

moved with a normal gait which occasionally became
Re.wrpi, ized Mice. I.SI), apomorphine, brom-t, SD, mescaline, jerky. Additionally, in the case of LSD, occasional
psilocybin, and quipazine were given to the reserpinized mice and

their motor activity was measured b_, placing them immediately whole body jerks, tremor and continuous stereotyped
on tile activity meter. LSI) and apomorphme were tested in doses sniffing behavior occurred in all animals as long as the
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Fig. 1. _,anous doses of d-LSD tartrate (LSD) and apomorphine Fig. 2. Various doses of d-LSD tartrate (I.SD) were administered

IICI were administered to mice pretreated with reserpine (5 mg/kg to mice pretreated with reserpine (5 mg/kg i.p., 4 h prior) and their

.p., 4 h prior) and motor activity was recorded for 60 min. Each motor activity was recorded for 90 rain. £_ach point represents the
point represents the mean activity of 9-12 mice and the vertical non-cumulative mean activity of 9-12 mice and the vertical bars
bars indicate the standard error of the mean indicate the standard error of the mean

motor activity lasted. Even at the highest dose, none
of the animals showed stereotyped gnawing. In &

contrast, a considerable number of apomorphine- _ 10 xl00
treated mice showed gnawing behavior and all of them _ Apomorphine mg/kg

also showed stereotyped sniffing. Thus, apomorphine _ 8 _. .--,.03

in doses of 1, 3 and 6 mg/kg caused stereotyped >.F //t/"q_ .--t 3.0

wini40 o66,o.d 0,oo a.imespectively. The onset, intensity and duration of the g

stereotypy caused by both these agents chronometri- _ _
cally paralleled the motor excitation responses.

The dose-response curves of apomorphine and

LSD show that at all doses, LSD was more active _ 2

reserpinizedmice(Fig.1). 5 10 30 60 90
The effect of apomorphine reached a maximum Time-minutes

at 3 mg/kg and the effect caused by 6 mg/kg was no Fig. 3. Various dosesof apomorphine IICI were administeredto
mice pretreated with reserpine (5 mg/kg i.p., 4 h prior) and theirdifferent. On the other hand, larger doses of LSD
motor activity was recorded for 90 rain. linch point represents the

caused proportionately greater effects, the curve non-cumulative mean activity of 9- 12 mice and the _ertical bars

failing to reach a plateau even at 6 mg/kg, indicate the standard ern,r of the mean
The duration of the antireserpine effects of various

doses of LSD and apomorphine are shown in Figures 2
and 3. In order to get a clearer picture of the onset HCI in doses of 5. 50, 100, and 200 mg/kg slightly
and duration of the antireserpine effects of LSD and modified the behax ioral effects. At the higher dose,
apomorphine the noncumulative activity readings piloerection and rt:petitive movements of the tore-
are given. For this purpose after each time interval, limbs occurred. After psilocybin (5, 50, 100, and 200

the meter was set back to zero. It may be seen that mg/kg) the mice remained in the corners of the
maximum motor excitatory effects of 0.3/kg LSD compartment, showing occasional whole body jerks
were seen at 30 min after which they declined rapidly and head twitches. Quipazine (25 mg/kg) initially
thereafter (Fig.2). At all these same doses, the peak seemed to have a slight antireserpine effect, but this
effect of apomorphine occurred at 30 min, after which consisted only of whole body jerks, head shakes and
the effects declined to normal (Fig. 3). forelimb movements. Locomotor stimulation was not

Brom-LSD (1 mg/kg- 10 mg/kg) did not produce produced by any of these compounds in the doses
any observable effects in reserpinized mice. Mescaline used.
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Table I. Intluencc ofdru_ treatments on the lnconmtor stimula- Table 2. lnlluencc of clonidine on the locomotor stimulation

tion produced b3 I+SI) and apornorphme in rescrpmized mice produced by LSD and apornorphine in reserpinized mice

Treatment 30 him motor activity readings + S.t-. Treatment No. 30 min motor
animals activity readings

LS[) Apomorphine ± S.E.
1 mg kg 1 mg'kg ....

gsr) 1 mg/kg 9 794± 118

(+ontro[ ApolnorphinellCl 1 mg/kg 9 644+ 56
(reserpinealonet S92 + 128 622 + 46 Clonidine I mg/kg 9 76 ± /5

(121 (12) Clonidine 1.0 F LSD 1.0 12 1454 + 170"

_MT 251) rng kg 872 L 143 459 _+ 125 Clonidine 1.0 + Apomorph. 1.0 12 1472 + 44*
(15) I21) ......

Phenoxybenzamme Probability was calculated using Student's t test by comparing with

10 mgkg 736 ± 142 585 ± 172 the groups receiving either LSD or apomorphine. * P < 0.001 when

1 (12) (12) compared with LSD or apomorphine alone

Methysergide
3mg.kg 750 ± 235 82__+ 74P<0.025

(12) 19) Table 3. Effect of apomorphine and LSD on the oeMT-induced
Chlorpromazine HCI depletion and brain catecholamine in mice

3 mg, kg 134 ± 17 P < 0.01 40 +_ 6 P < 0.001 ..............

(9) (9) Treatment No Braincatecholaminecontent

Haloperidnl animals (percentofcontrol± S.E.)*
I mgkg 326 ± 79P < 0.01 54 ± 18P< 0.001

112) 115) NE DA
5mgkg 168 + 43P < 0.001 _ . .

(12) Control 20 99.98± 1.41 100.0± 1.73

Pimozide (no treatment )

0.5mgkg 239 ± 38P < 0.005 24 + 13P < 0.001 ApomorphineHCl 5 98.10±2.23 95.32± 5.00

(9) (J2) 3 mg, kg
._ -J P3 mgkg 225 _ "_t < 0.005 LSD, 3 mg.kg 5 98.58 ± 2.64 99.1 + 2./)0

(12) _eMT, 250 mg/kg 20 57.45 ± 2+0 48.28 + 1.41

• " Apomorphine

Values given in parentheses indicate the number of mice used. 3 mg, kg + ;eMT 5 48.56 -_-+3.3** 59._2 + 6.0***
Probability was calculated using the Student's t test by comparing LSD 3.0 + _MT 15 56.89 + 2.23 49.02 + 1.7
with groups receivingdrug-treatment against the control group.
All these values were found to be significant to < 0.01 level when

• Catecholamine content expressed as mg/g fresh whole brain
calculated using l)unnett's tv,,o tail cornparison [Dunnett, C. W.:
J. Amer. Statist. Ass. 50, 1096 (1955)] except that of haloperidol ± S.E. Control NE = 0.4075 ± 0.000; Control DA = {).8613

1 mgkg + LSD (P < 0.05) and methysergidc + apornorphine ± 0.0t4 (N = 15)
(P > 0.05_ ** P < 0.05 / When compared with MT group using Student's 1

• ** P < 0.025 1test

In reserpinized mice receiving repeated doses of duced the effects of LSD, complete blockade com-
LSD, either LSD or apomorphine, 1 mg/kg, gave parable to the inhibition by these compounds on the
activity meter readings 940,o and 95<',o respectively effects of apomorphine was not seen even when the
of the reserpinized saline-treated controls receiving doses of these DA receptor antagonists weru inmcased
the same doses of these 2 drugs. These activity changes by 5- 6 fold.

were not statistically significant. Hence it was con- The effects produced by clonidine (1 mg/kg) in
eluded that tolerance does not develop to the anti- reserpinized animals consistered of marked pilo-
reserpine effect of LSD nor between LSD and apo- erection and exophthalmos. Motor excitation did not
morphine, occur. However, in the clonidine-treatedmice both

The results of the drug interaction studies are LSD and apomorphine caused motor excitation
giveninTable1. (Table2).

_MT and phenoxybenzamine did not significantly In both these cases, the animals showed more well-
modify the motor responses to either LSD or apo- coordinated locomotion than occurred after apo-
morphine in reserpinized mice. Methysergide poten- morphine or LSD alone. These mice, which also
tiated the apomorphine effect but did not influence showed piloerection and exophthalmos, resembled
the effect of LSD. CPZ, haloperidol and pimozide mice treated with high doses old-amphetamine.

almost completely abolished the apomorphine re- Changes in brain catecholamine levels are given
sponse. Although these compounds significantly re- in Table 3.
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Neither apomorphine nor LSD affected the levels versal of reserpine depression since phenoxybenz-
of NE and DA in whole brain, LSD was ineffective in amine, an _-adrenergic receptor blocking agent, and
modifying the rate of _MT-induced depletion of brain clonidine, a direct N E receptor agonist (And6n et al.,
CA's. On the other hand, apomorphine enhanced the 1970), both failed to cause motor excitation in reser-
depletion of NE and decreased that of DA, pinized mice, Our finding with clonidine is in agree-

ment with the reports of And6n et al. (1970) and Maj
et al. (1972). They proposed that stimulation of both

DISCUSSION DA and NE systemsare required for maximal loco-
motor activity. Apomorphine preferentially stimulates

The effect of reserpine on the central monoaminergic DA receptors and LSD seems to stimulate a func-
systems is purely presynaptic, depleting monoamines tionally identical site. Clonidine, due to its N E-
(for review see Costa et al., 1962) and leaving the post- stimulating effects further enhances the locomotor
synaptic sites unoccupied. Hence the effects of drugs effects of both apomorphine and LSD.
acting on the NE, DA and 5-HT receptors can be A direct DA receptor agonist effect would explain
conveniently studied in reserpinized animals. In the the antireserpine effects of LSD. In fact, LSD was
present studies the motor stimulant effects of apo- more effective than apomorphine in this regard. Our
morphine in reserpinized animals were not affected drug interaction studies also give evidence for the

_MT, but were effectively blocked by the DA re- DA effect of LSD, e.g. the stimulant effects of LSD,
ceptor antagonists. This, together with the inability like apomorphine, were not blocked by _MT, but
of phenoxybenzamine to block the apomorphine were reduced by the DA receptor antagonists.
effect, give evidence for a direct DA receptor stimula- While this work was nearing completion, a num-
tion by apomorphine. This is in accordance with many ber of reports appeared also giving evidence for a
reports in the literature (see Introduction for refer- DAreceptor agonisticeffect of LSD. Using themethod
ences), of Ungerstedtet al. (1973),it was foundthat LSD,

As mentioned in the Introduction, effective re- like apomor_hine, caused rotational locomotion to-
versal of reserpine depression leading to locomotor ward the intact side in unilateral 6-hydroxydopamine
stimulation can be produced only by drugs which striatal lesioned rats (Fuxe et al., 1975; Pieri et al.,
activate the CNS dopaminergic system. In the present 1975; Kelly, 1975). Brom-LSD was inactive in this
studies the 5-HT receptor antagonists brom-LSD model (Kelly, 1975). Also, low concentrations of
and methysergide both failed to do so. Further evi- LSD stimulate the DA-sensitive adenylate cyclase
dence that the serotoninergic system is not involved activity of rat corpus striatum (Yon Hungen et al.,
in the LSD reversal of reserpine depression is the lack 1975; Da Prada et al., 1975; Spano et al., 1975).
of activity of quipazine, a direct 5-HT receptor Effects of drugs on monoamine receptors also will
agonist (for references see Introduction), and the earlier be reflected in the turnover of the monoamines. DA

report by Carlsson et al. (1957) that 5-HTP also had receptor antagonists enhance the turnover of DA
no such effect. Hence, the well-known effects of LSD (Cheramy et al., 1970; And6n el al., 1972), and DA
on the central 5-HT system (for review see Aghajanian agonists have the opposite effect (And6n el al., 1967).
and Haigler, 1974), need not be considered in the Although unequivocal data indicating a decrease in
present context. However, from the fact that methy- the turnover of DA have been obtained in the case
sergide potentiated the effect of apomorphine, but not of apomorphine (And6n et al., 1967; Roos, 1969; Lal
that of LSD, it seems possible that the anti-5-HT et al., 1972), the results obtained with LSD have been

effect inherent in the LSD molecule might have con- less convincing. And6n et al. (1968) observed that in
tributed to its comparatively greater effectiveness than a dose which significantly decreased the turnover of
apomorphine. Enhancement of apomorphine-induced brain 5-HT in rats, LSD did not change that of DA.
stereotypy by methysergide has been reported by Fuxe et al. (1975) also failed to observe a change in the
Weiner et al. (1975). turnover of brain DA in rats. Da Prada et al. (1975)

The phenylethylamine moiety of LSD and its found only a minimally significant reduction in the
behavioral effects in animals, namely hyperexcitability, turnover of DA. Although only microgram doses of
hyperglycemia, exophthalmos, piloerection and rage LSD were required to produce turning behavior in
reactions (for review see Rothlin, 1957) led earlier rats (Fuxe et al., 1975; Pieri et al., 1975), 4-5 times

investigators to postulate that LSD causes CNS higher doses were required to decrease the turnover
sympathetic stimulation and that NE is involved in of brain DA (Da Prada et al., 1975).
its behavioral effects (Bogdanski et al., 1957: Brodie In the present studies, whereas apomorphine
et al., 1959, Elder and Dille, 1962; Dixon, 1968). significantly reduced the _MT-induced depletion of
However, this does not seem to be the case in the re- brain DA, an equivalent dose of LSD, which exerted
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more intense and durable antire_,erpine elfects, failed And6n, N.-E., Rubensson, A., Fuxc, F., H6kfelt, T.: Evidence for

tO do so. This tinding, together with the incomplete dopaminc stimulalion by aponmrphine. J. Pharm Pharmacol.

blockade by the neuroleptics of the motor stimulation 19,627 629(1967)Balestrieri, A., Fontanari, D.: Acquired and crossed tolerance to
caused by LSD, tempts one to postulate that there may mescaline, LSD-125 and BOL-148. Arch. gen. Psychiat. I,
be a new receptor site upon which LSD acts. It may 279-282(1959)

be closely related structurally or contiguous with the Benegov'a,()., BeneL V. : Experimental study on the mechanism of

main DA receptors, and the neuroleptics may act depressogenic action of apomorphine and reserpine. Activ.nerv. sup. (Praha) 14, 269-272 (1972)
only as partial antagonists at this site. Much more Bogdanski, D. F., Spector, S.: Comparison of central actions of
experimental data will be required to support this cocaine and LSD. Fed. Proc. 16, 284(1957)
hypothesis. Brodie,B.B., Olin,J.S., Kuntzman,R., Shore,P.A.: Possible

Whether or not LSD acting on this postulated site interrelationship between release of brain norepinephrine and

may be responsible for the psychotomimetic effects serotonin by reserpine. Science 125, 1293 (1957)Brodie, B. B., Spector, S., Shore, P. A. : Interaction of drugs with
is of course open to question. It is well-known that norepinephrine in the brain. Pharmacol. Rev. 11, 548-566
both animals and humans develop tolerance to the (1959)

behavioral effects of LSD (Cholden et al., 1955 ; Isbell Butterworth, R. F., Poignant, J.C., Barbeau, A. : Apomorphine

et al., 1955; Gogerty and Dille, 1956; Freedman et al., and piribidil in rats: Biochemical and pharmacological studies.Advanc. Neurol. 9, 307- 326 (1975)
1958). In the present studies, repeated doses of LSD Carlsson, A., Lundqvist, M., Magnusson, T.: 3,4-Dihydroxyphenyl-
failed to produce tolerance to the effects studied, alanine and 5-hydroxytryptophan as reserpine antagonists.
Moreover, drugs known to possess cross-tolerance Nature (Lond.)180, 1200 (1957)

with LSD, namely psilocybin and mescaline (see Carlsson, A., Lindqvist, M., Magnusson, T., Waldeck, B.: On the
Introduction for references), failed to produce LSD- presence of 3-hydroxytyramine in brain. Science 127,471 (1958)Cerleni, A., Rothlin, E.: Role of 5-hydroxytryptamine in mental
like effects in reserpinized mice even in doses 300 diseases and its antagonism to lysergic acid derivatives. Nature
times higher than the minimal effective dose of LSD. (Lond.) 176,785-786 (1955)

These facts, together with the report of Pieri et al. Cheramy, A., Besson, M. J., Glowinsky, J.: Increased release of
(1975) that the rotational behavior of LSD in striatal dopamine from striatal dopaminergic terminals in the rat aftertreatment with a neuroleptic: Thioproperazine. Europ. J.
lesioned rats do not develop tolerance, indicate that Pharmacol. 10, 206-214 {1970)
this particular site upon which LSD acts is not solely Cholden, L. S., Kwiland, A., Savage, C.: Clinical reaction and

responsible for its psychotomimetic effects. Whether tolerance to LSD in chronic schizophrenia. J. nerv. ment. Dis.
or not it contributes to these effects is uncertain. 122,211-221 (1955)

Corrodi, H., Fuxe, K., Ungerstedt, U. : Evidence for a new type of
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