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I,SI) and BOL (0.125--0.5 mg/kg) were equipotent in increasing the in vivo tyrosine hydroxylation in the
striatum as measured by the accumulation of DOPA after inhibition of neuronal decarboxylase. However, with
2 4 mg/kg doses, the maximum effect of BOL was larger than that of LSD. LSD and BOL antagonized the ape-
morphine-induced decrease of DOPA accumulation, without affecting the haloperidol-induced increase. LSD like
al)_m_)rl)bine inhibited the increase of DOPA accumulation seen after reserpine, cerebral hemisection and after 3"
hutyrolaetone (GBL). The effect of apomorphine in rats given GBL was blocked by haloperidol, but not by BOL
and pr()melhazine, whereas that of LSD was inhibited by haloperidol, BOL, and promethazine.

- 'l'lwse findings suggest that LSD and BOL directly affect nigro-neostriatal dopamine neurons. LSD therefore
:q_pears to be a partial agonist and BOL a pure antagonist at dopamine autoreceptors. It is proposed in addition
that LSD actiwttes and BOI, blocks 5-1tT receptors that control DOPA formation.

Dopamine reeeptnrs Striatum DOPA BOL LSD ")'-Butyrolactone
|

1. Introduction LSD increased tyrosine and dopamine (DA)
levels in the rat brain but decreased DA levels

d-Lysergic acid diethylamide (LSD) has in 5he rat brain after LSD have also been

been demonstrated to produce electro- reported (Diaz et al., 1968).

physiological and biochemical changes in the LSD may stimulate CA receptors directly.
5-hydroxytryptaminergic (5-HT) pathways Thus in the rotational model of Ungerstedt
(Freedman, 1961; Aghajanian et al., 1968; and Arbuthnott (1970) LSD behaves like a

An(h"n et al., 1968). In addition, LSD has striatal DA receptor agonist (Pieri et al.,
been found to affect catecholaminergic (CA) 1974). LSD has also been shown to be an

mechanisms, tligh (loses of LSD have e.g. a_onist at limbic postsynaptic DA receptors
been reported to decrease the norepinephrine after 6-hydroxydopamine (6-OHDA)-induced
(NE) levels in rat brain (Freedman, 1963; degeneration of theDA nerve terminals(Kelly

- Sugrue, 1969). Some reports have suggested and Iversen, 1975).
an increased turnover of the rat brain cate- LSD has also been found to stimulate the

cholamines after I,SI) (And6n et al., 1968; adenylate cyclase from striatum and other DA

l'ersson, 1970; Stolk eta[., 1974). receptor-rich structures (Von Hungen et al.,
Recently we reported that both LSD and 1974, 1975; Da Prada et al., 1975; Spano et

its bromo derivative 2-bromo lysergic acid al., 1975). This stimulation could be blocked

diethylamide (BOL) increased the accumula- by DA receptor antagonists such as halo-
tion of DOPA after decarboxylase inhibition peridol and chlorpromazine (Von Hungen et
in the rat l)rain (ttollunger and Persson, 1975). al., 1974, 1975). BOL, on the other hand, had
Furthermore Smith et al. (1975) found that only an antagonistic effect on the DA-sensitive
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adenylate cyclase. The stimulation of of [hne_°l, Sweden. Doses of LSI) an(I BOL
adenylate cyclase after LSD was clearly refer to the Imse. ltalol)eridol was dissolved in
shown to be submaximal compared to the 5.5% glucose after acidification with 200 pl
effect of DA (Da Prada et al., 1975; Spano et glacial acetic acid. All other drugs were
al., 1975). That LSD has to be considered as a dissolved ill 0.9% saline. The solutions were
partial DA receptor agonist was further shown made up just before injection. All drugs were
by its inhibitory effect on the adenylate administered i.p.
cyclase maximally stimulated by DA (Von
Hungen et al., 1974, 1975; Spano et al., 2.3. Experimental
1975; Da erada et al., 1975). Direct binding
studies on suggested DA receptors (Creese et 2.3.1. General
al., 1975) lend further support for the The experiments were performed between
characterization of LSD as a partial agonist 0.900--11.00 a.m. at a room temperature of
and of BOL as a pure antagonist. 23--26 °C. The body temperature was

Inthe present investigation we have studied monitored frequently by means of a tele-
the effect of LSD and BOL on the accumula- thermometer with the thermistor probe (YS[
tion of DOPA in the striatum of rats with a 44018) inserted 5 cm from tim anal orifice.

functionally intact nigro.neostriatal pathway The lowest temperature observed was 36.1 C.
and after pharmacological and surgical inter- In some rats cerebral hemisection at the

ruption of the impulse flow in this pathway, level of the caudal hypothalanms was
performedunderlightdiethyletheranesthesia
according to I_6(lard et al. (1972). In vivo

2. Materials and methods tyrosinc hydroxylation was measured a('cor-
ding to Carlsson et al. (1972). The

2.1. Animals decarboxylase inhibitor 3-hydroxybenzyl-
hydrazine, NSD 1015 was administered 20
rain before killing the rats. The rate o1' I)OI'A

Male Sprague--Dawley rats (Anticimex, accumulation was constant, for at least 20 rain
Sollentuna, Sweden) weighing 188-298 g after the administration of the inhibit()r.

were used in all experiments. They were fed There are good reasons to believe that the rate
the Ewos-Anticimex commercial type pelleted of DOPA accumulation is a reliable measure

diet, R3. During the experiments the rats had of the rate of DOPA synthesis (Carlsson et al.,
free access only to water. 1972). The rats were killed with a guillotine.

The brains were rapidly removed and
2.2. Drugs dissected on ice. The striata were reached

by opening the lateral ventricles from abow_.

The following drugs were used: apo- With the guidance of the exposed upper sur-
morphine HCI (Sandoz, Basle), 2-bromo face of the nucleus caudatus, a part mainly
lysergic acid diethylamide bitartrate, BOL containing nucleus caudatus and putamen
(Sandoz *, Basle), haloperidol (Leo *, was dissected out.
Helsingborg), gamma-butyrolactone, GBL
(Sigma, St. Louis, Mo.), d-lysergic acid diethyl- 2.3.2. DOPA determination
amide tartrate, LSD (Sandoz *, Basle'), DOPA was isolated and measured fluori-
promethazine chloride, Lergigan ('_ (Recip, metrically by means of the technique of Kehr

Stockholm), reserpine, Serpasil '_ (Ciba, Basic). ct al. (1972a) with some modifications. One

3-Hydroxybenzylhydrazine HC1, NSD 1015 pair of striata was weighed and homogenized
was kindly synthesized by Dr. B. Magnusson, in 5 ml 0.4 M icecold HCIO4 containing 100
Department of Organic Chemistry, University mg EDTA and 0.1 ml 5% Na:S2Os. The
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homogenate was centrifuged (14,000 g) at cantly increased 15 min after the administra-

0°C for 10 rain. The supernatant was adjusted tion of LSD (2 mg/kg) and BOL (2 mg/kg)
to pll 2 with 2.5 M K:CO, and put on a small (fig. 1). The maximum increase of DOPA
cohunn (4.0 I.D. X 40 ram) containing accumulation was se,a 30 min after LSDand
Amberlite CG 120 I[ Na t . The resin was BOL. No increase of the accumulation of
prep_trcd as described by [t_iggendal (1962). DOPA was observed 2 h after LSD and BOL.

The colunm was then treated according to the The minimum effective dose of both LSD
following procedure: (1) 10 ml 0.1 M sodium and BOL was 0.125 mg/kg (fig. 2). Within the
phosplmte buffer pit 6.5 containing 0.1% 0.125-O.500 mg/kg dose range the increases
EI)'FA; (2) 3 ml H20; (3) the extract (pH 2) in DOPA accumulation after LSD administra-
was passed through the column; (4) 2 X 5 ml tion did not differ significantly from those
1[20; (5) 5 ml 0.1 M sodium citrate-phosphate obtained after treatment with BOL. However,
buffer I)lt 2.5; (6) 5 ml H:O; (7) 1 ml 0.1 M within the 2-4 mg dose range, the administra-
so(tiuln citrate-phosphate buffer pH 4.5 (dis- tion of BOL resulted in increases of the
carded); (8) 3 ml 0.1 M sodium citrate-phos- DOPA accumulation at least twice as large as
phate l)uffer pit 4.5 (eluted DOPA). those obtained after LSD treatment. The

I)OPA was then quantitated as in the differences were highly significant (p <
method of Kehr et al. (1972a) modified in 0.005-O.001). The DOPA levels after BOL
that 10 M NaOH was used instead of 5 M (2--4 mg/kg) were of the same order as those

Na()ll in the fired step. This modification was reached after haloperidol (0.5 mg/kg).
found to give an increased fluorescence Increasing the LSD dose from 0.125 to 4
reading but a relatively smaller increase of mg/kg produced no further increase in the
the I)lank readings. Twice, the reagent blank DOPA accumulation. Thus with LSD it was
fluorescence corresponded to about 2.5 ng not possible to reach the maximum DOPA
DOPA. The fluorescence reading of the accunmlation seen after high doses of BOL or
sample and that of the tissue blank from one after haloperidol. In agreement with earlier
pair of untreated striata was about the same results (Kehr et al., 1975) there was a dose-
as the reading of the reagent blank. The dependent increase in DOPA accumulation

recovery of 500 ng DOPA taken through the after haloperidol treatment and a dose-
entire procedure was 72.1 +- 0.8% (mean ±
S.E.M., n = 93) and all values were corrected

l'or recovery.
J

2.4. Statistical analysis z;
c_ ]GO

The significance of the results was assessed _ ,_ -,,

using the two-tailed Student's t-test. A p-value "_ , "__ of less than 0.05 was considered significant. _, 200 _. _"

3. Results ,'4,00 -=
5 15 30 60 120

mtr_

3.1. Striatal DOPA accumulation after LSD Fig. 1. Striatal DOPA accumulation after LSD (c)
and BOL administration. Time and dose rela- 2 mg/kg) and BOL (e 2 mg/kg). Each point represents
tions the mean -+S.E.M. The numbers indicate the number

of individual experim(,nts. The control value is 1042
± 77 ng/g. The abscissa indicates the time after

The accumulation of striatal DOPA administration of LSD or BOL. All animals were
induced by NSD 1015 was already signifi- given NSD 1015 (100 mg/kg) 20 rain hefore sacrifice.
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............. _ peridol on the increased striatal DOPA "r
jl i accumulation produced by LSD and BOL a

2000

......_ .....¢ The effect of LSD and BOL on the apo-morphine-induced inhibition of DOPA

accumulation is shown in table 2. LSD and

,0_ _ BOL (0.5 mg/kg) were equally effective in

*----_ antagonizing the apomorphine-induced
..... -_ .................... • decrease of DOPA accumulation. After 2 mg/

6 _'_ o_s o,k_ 0_s 0's _ _ g...g/_, kg, more DOPA accumulated than in the

Fig. 2. Striatal DOPA accumulation after different saline controls. BOL was, however, much
doses of LSD (o), BOL (o), apomorphine (4) and more effective than LSD. In fact the DOPA
haloperidol (_). Haloperidol was administered 80 rain level after combined treatment with apo-

before sacrifice. LSD, BOL and apomorphine were morphine (0.5 mg/kg) and BOL (2 mg/kg)
administered 30 rain before sacrifice. Control animals was the same as after treatment with BOL
(A) received saline 30 rain before sacrifice. NSD 1015
(100 mg/kg) was given to all rats 20 min before alone (2 mg/kg). When the apomorphine dose
sacrifice. Each point represents the mean +-S.E.M. of was increased to 5 mg/kg, the decrease in the
6--9determinations. DOPA concentration was still dose-depen-

dently counteracted by LSD and BOL (0.5--
2.0 mg/kg).

dependent decrase after apomorphine (fig. 2). LSD and BOL (2 mg/kg) did not affect the
The minimum effective dose was the same for striatal DOPA accumulation in rats treated

both apomorphine and haloperidol (0.05 mg/ with haloperidol (5 mg/kg).

kg). 3.3. The effect of LSD and BOL on the
Combined administration of various doses

increased DOPA accumulation induced by
of LSD and BOL did not result in a DOPA

- accumulation that was statistically different reserpine
from that obtained after the administration of Reserpine has been shown to increase the

BOL alone (table 1). DOPA accumulation after decarboxylase

TABLE 1

Striatal DOPA accumulation after various doses of LSD and BOL or combinations of LSD and BOL. The combi-
nation of LSD and BOL was given in the same syringe. LSD, BOL and LSD + BOL were administered 30 rain
before killing the rats. NSD 1015 (100 mg/kg) was given to all animals 20 rain before sacrifice.

Drug DOPA n Difference from the
(mg/kg) ng/g 4_S.E.M. combined treatment

LSD0.125 1560± 157 6 N.S.
BOL 0.125 1386 _ 106 6 N.S.
LSD 0.125 + BOL 0.125 1725 _ 127 6 --
LSD 0.250 1397 4- 106 6 p < 0.02
BOL 0.250 1951 :_ 380 6 N.S.
LSD 0.250 + BOL 0.250 2218 ._ 255 6 --

LSD 2.0 1726 ± 163 6 p < 0.001
BOL2.0 2630± 169 6 N.S.
LSD2.0 + BOL2.0 2879 +-169 6 --

.....................................................................
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TABLE 2

The effects of al)omorphine and haloperidol on striata[ DOPA accumulation after LSD and BOL. Haloperidol was
administered 80 mill and promethazine 45 rain before killing the rats. Apomorphine, BOL and LSD were admin-
istered 30 rain before sacrifice. When apomorphine was combined with LSD or BOL, it was given 40 rain before
sacrifice. NSD 10l 5 was administered to all rats 20 rain before sacrifice.

Drug DOPA Comparisonsbetween various treatments
(mg/kg) ng/g ± S.E.M. (n) p-values

a NaCl0.9% 1042± 77 (8)
b Apomorphine 0.5 472 +- 51 (6) a--b < 0.001 b--c < 0.005
c Apomorphine 5.0 249 ± 31 (6) a--c < 0.001
d t[aloperidol 0.5 2764 -+240 (6) a--d < 0.001 d--e N.S.
e llalopcridol 5.0 3105 ± 257 (6) a--e < 0.001
f Promethazine 10 1005 ± 36 (3) a--f N.S.
g LSD0.5 1823 ± 113 (6) a--g < 0.001 g--h N.S.
I1 LSD2.0 1726_ 163 (6) a--h < 0.005
i BOL 0.5 1924 ± 131 (9) a--i < 0.001 i--j < 0.01
j BOL 2.0 2630 ± 169 (6) a--j < 0.001

k Apomorplaine 0.5
+ LSD0.5 823± 76 (3) b--k < 0.01 k--m N.S.

I Apt)morphine0.5
- + LSD2.0 1358_ 29 (3) b--I < 0.001 h--l N.S. l--n < 0.001 !

m Apomorphine 0.5
+BOL0.5 781-* 28 (3) b--m < 0.005

n Apomorphine 0.5
+ BOL2.0 2888 ± 111 (3) b--n < 0.001 j--n N.S.

o Apomorphine 5.0
+ LSD 0.5 617 ± 82 (3) c--o < 0.005 o--q N.S.

p Apomorphine 5.0
+ LSD 2.0 1091 ± 98 (8) e--p < 0.001 p--r N.S.

q Apomorphinc 5.0
+ BOL0.5 594 f 42 (3) c--q < 0.001

r Apomorphine 5.0
+ BOL2.0 828 ± 190 (9) c--r < 0.05

s Ilaloperidol 0.5
+ apt)morphine 0.5 2593 _ 718 (3) d--s N.S.

t |[aloperidol 5.0
+ LSD 2.0 3095 -_227 (6) e--t N.S. t--u N.S.

u tlaloperidol 5.0
+ BOL2.0 2741 *- 116 (6) e--u N.S.

inhibition. This increase can be inhibited by 3.4. The effect of LSD and BOL on the

the DA receptor agonist, apomorphine DOPA accumulation after interruption of the

(Carlsson, 1975). We found that LSD (0.5 impulse flow in the nigro-neostriatalpathway

mg/kg) and apomorphine {0.05 mg/kg) by cerebral hemisection
inhibited the increase in DOPA accumulation

both 4 and 24 h after the administration of Cerebral hemisection has been shown to

reserpine, 5 mg/kg (table 3}. BOL had no cause a pronounced but shortlasting increase
effect on the increased DOPA accumulation in the DOPA accumulation after decarboxylase

after reserpine, inhibition. This increase can be counteracted
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TABLE 3

Effects of apomorphine and LSD on striatal DOPA accumulation after a high dose, of reserpine. Reserpine (5
mglkg) was administered 4 or 24 I1 before sacrifice. Apomorphine, BOL, LSD or NaCI were administered 30 rain
before killing the rats. NSD 1015 (100 mg/kg) was administered to all animals 20 rain before sacrifice.

Pretreatment Treatment DOPA Comparisonsbetween the
dose mg/kg dose mg/kg ng/g _ S.E.M. (n) various treatments

p-values

Reserpine 5 a, NaCI 4332 _ 199 (5)
4 h b. Apomorphine 0.05 2583 __665 (3) a--b < 0.02 b-c N.S.

c. LSD0.5 1916± 394 (3) a--c < 0.001

Reserpine 5 e. NaCI 2618 ± 136 (6)
' 24 h f. Apomorphinc 0.05 1223 ± 156 (6) e-f < 0.00I f---g N.S.

g. LSDO.5 1148 _ 76(5) e--g< 0.001
h. BOL0.5 2465 ±243 (6) c--h N.S.

by the DA receptor agonist, apomorphine such conditions no dopamine (DA)seems to

(Kehr et al., 1972b). We now found that LSD be released, with the consequence that DOPA
(0.5 mg/kg) also inhibited the increase of synthesis is increased (Roth et al., 1973;

DOPA accumulation on the sectioned side Walters et al., 1975) possibly because DA
(table 4). On the unsectioned side, LSD autoreceptors are not activated. In the present

increased the DOPA level by about 35%, but study, the increase of DOPA accumulation by

the difference from saline was not significant. GBL was confirmed (fig. 3). In agreement
BOL did not inhibit the increase in DOPA with others (Roth et al., 1973; Walters and

accumulation on the sectioned side but Roth, 1974) we found that the increased

increased the DOPA accumulation on the un- DOPA accumulation could be inhibited by
sectioned side. apomorphine. This inhibition was dose-

dependent. LSD (0.5 mg/kg) also inhibited

3.5. Modifications of the increased DOPA this increased DOPA accumulation, while

accumulation produced by inhibiting the haloperidol, BOL and promethazine did not

impulse flow in the nigro-neostriatal pathway have any effect on the DOPA level after GBL.

by 7-butyrolactone (GBL) When the dose of LSD was raised above 0.5
mg/kg, the rats did not survive. The effect of

GBL has been shown to inhibit the impulse apomorphine on the DOPA accumulation

flow in the nigro-neostriatal pathway. Under after GBL has been shown to be counteracted

TABLE 4

Effects of LSD on striatal DOPA accumulation after cerebral hemisection. Ilemisection was performed 30 min
before sacrifice. LSD, BOL or NaCl were injected immediately after the hemisection. NSD 1015 (100 mg/kg) was
administered to all animals 20 rain before sacrifice.

Treatment DOPA ng/g ± S.E.M. (n) Comparisons between the various
........................ treatments
Sectioned side Unsectioned side p-values

NaC10.9% a 2647 _ 400 (4) c 901 ± 232 (4) a--c< 0.01 a-b < 0.05 a--eN.S.
LSD0.5 mg/kg b 1573± 129(4) (11247± 112 (4) b--d N.S. c--d N.S.
BOL 0.5 mg/kg e 1915 ± 215 (4) f 2058 ± 158 (3) e--f N.S. c--f < 0.02
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Fig. 3. Influence of apomorphim_ (APO) and LSD on [_] _ _ _ ___
the striatal DOPA accumulation after GBL. Halo- 1000 * _ l, -_

IIperidol (HALO) was administered 80 rain, _ o _ _
i, i * . c) •

promethazine (PROM) 45 rain andGBL(750mg/kg) _ [_l _ _ " _o35 min before sacrifice. APO, BOL, LSD anti NaCI _ _ _- _ _-
were admiqistered30 rain before sacrifice.All rats 6 _,_ 3 3 _ 5 r_

were treated with NSD 1015 (100 mg/kg) 20 min Fig. 4. Effects of haloperidol (HALO), BOL and
before sacrifice. Doses of APO, BOL, LSD, HALO promethazine (PROM) on DOPA accumulation after
and PROM are shown in the histograms. All doses are treatment with GBL and apomorphine (APO) anti
expressod in mg/kg. The results are presented as mean with GBL and LSI). HALO (0.5 mg/kg), BOL (2 nag/
.!- S.E.M. Significantly different from GBL + NaCI. kg) and PROM (10 mg/kg) were administered 45
• **p < 0.005. rain before killing the rats. (GBL (750 mg/kg} was

administered 35 rain, and APO (0.5 mg/kg) and LSD
(0.5 mg/kg) 30 rain before sacrifice. All rats were
treated with NSD 1015 (100 mg/kg) 20 rain before

by DA receptor antagonists with presynaptic sacrifice. Ttle results arc presented as mean + S.E.M.
activity (e.g. haloperidol}, but not by DA Significantly different from GBL + APO or GBL +
receptor antagonists without presynaptic LSD respectively. *p < 0.05, **p < 0.01, ***p <
activity (Waiters and Roth, 1976; Roth et al., 0.005.
1975}. In agreement with earlier reports
(Walters and Roth, 1976) we found that halo-
peridol antagonized the effect of apo- accumulation may result from either an
morphine on DOPA accumulation (fig. 4). acceleration of the impulse flow in the nigro-
BOL and promethazine did not significantly neostriatal pathway or a reduction of the con-
alter the effect of apomorphine. Haloperidol centration of DA in the synaptic cleft (e.g.
also counteracted the LSD-induced decrease after interruption of the impulse flow in the

in DOPA accumulation after GBL. It is impor- pathway by surgical or pharmacological
tant to note that both BOL and promethazine means or after depletion by reserpine). Our
effectively antagonized this LSD effect, finding that BOL antagonized the inhibitory

effect of tiae DA agonist, apomorphine, on
- DOPA accumulationstrongly suggests that

4. Discussion BOL is acting by blocking DA receptors. This
interpretation is also in agreement with the

In the present study our earlier observa- finding (Von Hungen et al., 1974; 1975} that
tion (tIolhmger and Persson, 1975) that BOL, like haloperidol and other neurolepties,
administration of LSD and BOL increased the effectively antagonized the DA-induced activa-
rate of DOPA accumulation in the whole rat tion of the adenylate cyclase from DA-
brain has been found to be true for the receptor-rich parts of the brain including

striatum. Studies by Carlsson (1975) and the striatum. A common point of attack for
Roth et al. (1975) indicate that an increased BOL and haloperidol is also indicated by the

4
4
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fact that the combined effect of maximal receptor activating effect of LSD in DOPA
doses of these two substances did not exceed accumulation experiments is provided by the
the effect of either one given alone, finding that LSD, like apomorphine,

A maximum effective dose of LSD was antagonized the increase of DOPA accumula-

only about half as effective as BOL in tion induced by reserpine. The increase of
increasing DOPA accumulation in the DOPA accumulation after the surgical inter-
striatum. Assuming that LSD acts on the same ruption of the nigro-neostriatal pathway was
receptors as does its bromo derivative and also antagonized.
taking into account the evidence for a DA There are reasons to believe that the feed-
receptor stimulating action of LSD (Pieri et back regulation of DOPA synthesis in DA
al., 1974; Da Prada et al., 1975; Kelly and neurons is mediated in two ways: via post-

Iversen, 1975; Spano et al., 1975), synaptic receptors on target cells of DA
, this difference most probably indicates that neurons over neuronal loops controlling the

in vivo LSD has agonistic as well as antago- impulse flow in the dopaminergic neurons and
nistic effects on DA receptors. The antago- more directly via autoreceptors (Roth et al.,
nistic property would also explain the finding 1975; Carlsson, 1975). Roth et al. (1975)

that LSD antagonized the apomorphine effect have made use of the finding that GBL
on DOPAaccumulation. effectively blocks the impulse flow in the

In intact rats, the supposed agonistic effect nigro-neostriatal pathway (Koth et al., 1973)
of LSD did not manifest itself by a lower rate to eliminate the control exerted by the target
of DOPA accumulation than in non-treated cells for differentiation between drug effects
rats but only as a lower rate than after BOL on pre- and postsynaptic DA receptors.
and haloperidol. In fact, it seems doubtful Using this model, we found that both LSD
whether LSD acts as a DA receptor agonist in and apomorphine inhibited the GBL-induced
functionally intact dopaminergic systems. The increase in DOPA accumulation. It can thus
finding of a decrease in homovanillic acid in be concluded that LSD has an action on the

the striatum and a delayed disappearance of DA neuron itself. Haloperidol (0.5 mg/kg)
DA after tyrosine hydroxylase inhibition {Da antagonized the apomorphine effect, while
Prada et al., 1975) suggests that LSD directly BOL (2 mg/kg) had no significant effect.
stimulates DA receptors, floweret, these Since as little as 0.5 mg/kg BOL effectively
changes appear hours after administration of antagonized the apomorphine effect in rats
LSD, when the LSD concentration in the with an intact feedback mechanism, it could
brain is very low (Rosecrans et al., 1967). In be argued that the BOL effect is predominantly

the experiments of Pieri et al. (1974) and postsynaptic. However, any functional effect
Kelly and Iversen (1975) demonstrating an of BOL in the dopaminergic systems has, as
agonistic effect of LSD in striatum and n. far as we are aware, never been reported.
accumbens respectively, the dopaminergic It is possible that the postulated activation
innervation was destroyed by 6-hydroxy- by LSD of DA receptors on target cells of
dopamine. Grabowska et al. (1974) could DA neurons is not reflected to the degree
only show an LSD-induced increase of loco- expected by changes in DOPA accumulation,
motor activity after reserpine administration, because other effects of LSD, such as 5-HT-
In all these experiments, the concentration like effects, may counteract the changes in
of DA at the postsynaptic receptor must have DA synthesis.
been very low. The same is true for the in That BOL has a presynaptic blocking effect
vitro experiments directly demonstrating an is evident from the finding that the LSD
agonistic effect of LSD on the DA-sensitive effect in the GBL model was effectively
adenylate cyclase, blocked by BOL as well as by haloperidol. It

A more direct demonstration of a DA is likely that the BOL effect on DOPA
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synthesis is predominantly due to its pre- It is however doubtful whether these effects
synaptic effect, appear under normal conditions, at least we

A surprising finding was that promethazine were not able to demonstrate the decreased
was as effective as BOL in inhibiting the LSD DOPA accumulation expected after LSD in
effect on GBL-treated rats. The dose used intact rats if it stimulated postsynaptic and/or
(10 mg/kg) has never been shown to have any presynaptic DA receptors. The reason for this
central DA-receptor antagonistic effects, could be that so many of the DA receptors
Since neither promethazine nor BOL antago- are normally occupied by the pure agonist
nized the apomorphine effect after GBL, it DA that the same degree of receptor stimula-
seems that there are presynaptic receptors tion cannot be achieved with the partial
sensitive to LSD but not to apomorphine agonist LSD even with complete receptor
and with an affinity to BOL and pro- occupation. Moreover, the agonistic and
methazine, antagonistic potencies of LSD at postsynaptic

Assuming that the BOL effect on the and presynaptic DA receptors may be differ-
DOPA synthesis in normal rats, i.e. rats not ent. The possibility cannot be excluded, how-
treated with GBL, was at least partly mediated ever, that in species other than the rat, normal
I)y inhibition of the effect of DA on pre- postsynaptic DA-receptor activation is so low
synaptic _'(_ceptors, our Yesults could he ex- that administration of LSD can lead to a

plained if LSD wet(, acting on two different further activation. This may explain that
types of receptors. One of these would _)e certain psychotic symptoms after LSD can
the I)A receptor on which LSD behaves as a disappear at least partly after treatment with

partial agonist and which is blocked by BOL. haloperidol and other DA-receptor-blocking
The other postulated receptor would be neuroleptics(Isbell andLogan, 1957).
blocked by promethazine (and probably also
by BOL). This receptor does not seem to be
activated under normal conditions since
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