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Abstract. In the rat, lysergic acid diethylamide (LSD)
0.5 mg/kg and 2-bromo lysergic acid diethylamide
(BOL) 0.5 mg/kg increased the rate of the striatal in
vivo tyrosine hydroxylation as measured by the DOPA
accumulation after decarboxylase inhibition. Neither
LSD nor BOL significantly changed the DOPA accu-
mulation in the olfactory tubercle, a dopamine-rich
part of the limbic system. LSD but not BOL increased
the DOPA accumulation in the cerebral cortex and in
the brain stem. LSD and BOL appeared not to alter the
rate of a-MT-induced disappearance of DA or of NA in
the whole brain, nor did they change the rate of the a-
MT-induced disappearance of DA in the striatum. It is
suggested that in the striatum LSD and BOL block
autoreceptors (presynaptic receptors) regulating the
tyrosine hydroxylation. These receptors may be DA
receptors, but may also be 5-HT- or LSD-sensitive
receptors.

The regional differences observed between LSD and
BOL suggest that LSD in the cerebral cortex and in‘the
brain stem increases the DOPA accumulation by
mechanism other than that functioning in the striatum.
One possible explanation is that LSD and BOL may
differ in their effects on 5-hydroxytryptaminergic sys-
tems in the cerebral cortex and in the brain stem.
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In some early investigations into the effect of the
psychotomimetic agent d-lysergic acid diethylamide
(LSD-25, LSD), the drug markedly activated the
sympathetic nervous system in animals (Rothlin, 1957).
Later, LSD was found to decrcasc cerebral noradren-
aline (NA) levels (Freedman, 1963; Sugrue, 1969) and

cerebral dopamine (DA) levels (Diaz et al., 1968).
However, increased cerebral DA levels after LSD have
also been reported (Smith et al., (1975). Relatively few
studies on the cerebral catecholamine turnover have
been reported. High doses of LSD increased the
disappearance of NA in the rat brain after treatment
with a-methyl-p-tyrosine methylester («-MT) (Andén
et al., 1968). LSD did not affect the disappearance of
DA. Da Prada et al. (1975) found that LSD decreased
the disappearance of DA in the rat teldiencephalon
after «-MT and that LSD also decreased the homova-
nillic acid (HVA) level in the striatum and in the eyes,
suggesting a decreased DA turnover after LSD.

We reported an increased rate of the in vivo tyrosine
hydroxylation as measured by the DOPA accumulation
after decarboxylase inhibition in the rat brain after
LSD as well as after its 2-bromo analogue, 2-bromo
lysergic acid diethylamide (BOL 148, BOL) (Hollunger
and Persson, 1975). LSD and BOL were also found to
increase the in vivo tyrosine hydroxylation in the DA-
rich striatum (Persson, 1977a), suggesting an increased
DA synthesis or turnover. Our findings were further
supported by the observation that both LSD and BOL
increased the striatal DOPAC levels (Persson, 1977b).

The presentsstudy provides more information on
the effects of LSD and BOL on the DOPA accumu-
lation in various brain regions. The influence of LSD
and BOL on the rate of a-MT-induced disappearance
of DA and NA in the whole brain and on the rate of a-
MT-induced disappearance of DA in the striatum was
investigated.

Materials and Methods

Animals. Male  Sprague-Dawley  rats  (Anticimex.  Sollentuna,
Sweden) weighing 198294 g were used in alt experiments, They
were fed the Ewos-Anticimex commercial-type pelleted diet, R3, and
had free access to food and water. During the experiments the rats
had free aceess only to water.
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Table 1. DOPA accumulation in various parts of the brain
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Treatment DOPA ng/g + SEM (M)

Eye Cortex Brain stem Hybo- A Striatum VOII'actory -

_thalamus tubercle

NaCl 9+4(4) 68 + 6 (6) 144 + 14 (6) 228 + 30 (6) 1169 + 49 (6) 1101 180 (5)
LSD 13+4(3) 88 + 6 (5) 218 + 18 (4) 358+ 57 (9) 1688 + 75 (5) 1076 + 183 (5)
BOL 12+2(4) 78 + 11(4) 124 + 11 (4) 189+ 21 (4) 23234232 (4) 1336 + 52
Comparisons
between the
various treatments P-values
NaCl vs. LSD NS P<0.05 P <002 NS P <0.001 NS
NaCl vs. BOL NS NS NS NS P <0.001 NS
LSD vs. BOL NS NS P <0.005 P <0.025 NS

Drugs. The following drugs were used: 2-bromo lysergic acid
diethylamide bitartrate, BOL (Sandoz AG, Basle), d-lysergic acid
diethylamide tartrate (LSD, Sandoz AG, Basle), D,L-a-methyl-p-
tyrosine methyl-ester HCL, 2-MT, H44/68 (Astra AB, Sidertiilje). 3-
Hydroxybenzylhydrazine HCI, NSD 1015 was kindly synthesized by
Dr. B. Magnusson. Department of Organic Chemistry, University of
Umed, Sweden. Doses of LSD and BOL refer to the base. All drugs
were dissolved in 0.9 °; saline just before injection, All drug adminis-
trations were i. p.

Experimental. The experiments were performed between 9a.m. and
12:30 p.m. at a room temperature of 21 —26° C. DOPA accumu-
lation after central decarboxylase inhibition was used as an index of
the in vivo tyrosine hydroxylation (Carlsson et al., 1972). The rats
were killed with a guillotine. The brains were rapidly removed and
dissected on ice. The dissection was performed mainly according to
Glowinski and Iversen (1966). In the experiments in which DOPA
was measured, brain parts from three rats were pooled. Striata from
two rats were pooled for the determination of DA. The whole brain
derterminations of DA and NA werc performed on a single brain.
The brains or brain parts were weighed and cither analyzed im-
mediately or frozen (— 70" C) for not more than 3 days before the
chemical analysis.

DOPA was then isolated and measured fluorimetrically by means
of the technique of Kehr ct al. (1972) with some modifications
(Persson, 1977a). In order to get rid of disturbing Nluorescent material
when isolating DOPA from extract of whole brains or pooled brain
parts, the extract was adsorbed on acid-washed Al,O, {Rentzhog,
1972). After homogenization of the tissuc in 0.4-M HCIO, and
centrifugation at 14,000 g, 0 C, for 10 min, the pH of the extract was
adjusted with K ,CO, to about 4. After another centrifugation to spin
down perchlorate, the pH was adjusted to 8.6 and catechols adsorbed
on 400 mg Al,O, prewashed with 0.1-M acctate buffer pH 8.6, The
adsorption procedure was performed in small bottles under con-
tinuous shaking for 5 min. After washings with glass-distilled water,
DOPA was cluted with 2 + 1 m! 0.1-M H,PO,. The eluatc was then
put on a small column containing Amberlite CG 120 (Na ') and
DOPA was isolated as described by Persson (1977a), The recavery of
500 ng DOPA taken through the entire procedure was 62.0 + 1.2,
(mean + SEM, N=17).

Dopamine was isolated and determined spectrophotofluorimetri-
cally according to Atack and Magnusson (1970) and Atack (1973).

Noradrenaline was isolated according to Atack and Magnusson
(1970) and determined spectrophotofuorimetrically (Kehr et al.,
1976).

P<0.05

NaCl (0.9%) LSD (0.5mg/kg) or BOL (0.5 mg/kg) were administered 30 min before sacrifice. The decarboxylase inhibitor NSD 1015
(100 mg/kg) was administered to all animals 20 min before sacrifice

In the experiments in which DA and NA were measured in the
whole brain, the recovery of 500 ng taken through the entire
procedure was for DA 76.6 + 7%, (mean + SEM, N=11 and NA
63.1 +1.9% (mean + SEM, N=19).

Since the DA recovery in the experiments in which DA was
measured in the striatum was about 90 %, no correction for recovery

was used in these experiments. All other values are corrected for
recovery.

Statistical Treatment. Student’s ¢-test was used to assess the signifi-
cance of the results.

Results

In agreement with earlier findings (Persson, 1977a),
LSD (0.5mg/kg) and BOL (0.5 mg/kg) increased the
DOPA accumulation in the rat striatum (Table 1).
However, LSD and BOL did not significantly change
the DOPA accumulation in the olfactory tubercle, a
DA-rich part of the limbic system. In the NA-rich
cerebral cortex LSD but not BOL significantly in-
creased the accumulation in the brain stem. The DOPA
accumulation in the hypothalamus and in the eyes was
not significantly changed after the administration of
LSD or BOL.

LSD (0.5 mg/kg) and BOL (0.5 mg/kg) did not
significantly change the disappearance of DA or NA
from the whole brain 1 and 2 h after the administration
of a-MT (Table 2).

In the DA-rich striatum neither LSD nor BOL
significantly changed the a-MT-induced disappearance
of DA (Table 3). Unexpectedly, BOL (0.5 mg/kg) rais-
ed the striatal DA levels.

Discussion

The present study confirms our earlier observations
that BOL, and to a lesser extent LSD, increase the rate
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Table 2. Effects of LSD and BOL on the a-MT-induced disappear-
ance of dopamine and noradrenaline in the whole brain

—— e
Treatment Dopamine Noradrenaline
ng/g + SEM (v) ng/g + SEM (w)
a) No treatment 853490 (8) 360 + 34 (5)
b) LSD + NaCl 968 + 21 3 443 + 37 (3)
¢} BOL + Na() 99813 (2) 429 +23 (3)
d) NaCl + o-MT 1h 620 + 22 (6) 302 + 20 (4)
©) LSD + a-MT 1 h 672 + 39 (6) 246 + 14 (4)
) BOL +a-MT th 652+ 31 (6) 327+ 13 (5)
8) NaCl + o.MT 2h 347 + 35 (8) 210+ 7(4)
h) LSD 4+ a-MT 2k 375+ 39 (8) 159447 (2)
i) BOL + a-MT 2h 339433 (R) 208 + 27 (3)
Comparisons between
the various treat. .
ments P values
—bja—c; b—c NS, NS. N§ NS, NS, N§
~d;a-g P<0.05, P< 0.001 NS, P<0.01

e—f NS, NS. N§ NS, NS, P<0.005

—h; g~i; h—i NS, NS, Ns NS, NS, Ns
D.L-a:-methyhyrosine methylester (a-MT, 250 mg/kg) was adminis.
tered 1or2h before sacrifice. NaCi (0.9 7 LSD (0.5 mg/kg) or BOL

(0.5 mg/kg) were administered 15 min before a-MT,ie,1h1s min or
2h 15min before sacrifice

Table 3, Effacts of LSD and BOL on the o-MT-induced disappear.
ance of dopamine in the striatum

Treatment Dopamine

ng/g + SEM (n)
a) No treatment 79+ 124 (5)
b) NaCi + NaC} 6928 + 294 (5)
¢) LSD + NacCl 6615 +431 (3)
d) BOL + Nacl 8204 + 189 (3)
¢) NaCl + a-MT 4878 + 130 (3)
fyLSD + a-MT 4508 + 59 (¢3]
8) BOL + a-MT 4413 +187 (3)
Comparisons between
the various
treatments P values
a~b NS
b—c;b~d;c—g NS, P<0,025, P<0.05
a--e; b—e P<0.001, P<0.005
e~fie~g;f—p NS, NS, NS

D‘L-a'mcthylcyrosinc methylester (a-MT, 250 mg/kg) was adminjs.-
tered 1 h before sacrifice. NaCl 0.9%). LSD (0.5 mg/kg), or BOL
(0.5 mg/kg) were administered 15 min before a-MT, ie. 1h 15min
before sacrifice

of the in vivo tyrosine hydroxylation in the striatum as
measured by the DOPA accumulation after inhibition
of the L-aromatic amino ucid dccurboxylase {(Persson,
1977a). The main new result of the present study is that
the effects of BOL and LSD in severy] brain regions
investigated differed from their effeets in the striatum,
BOL thus seemed to have only small, it any, effects on
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the DOPA accumulation in cerebra] cortex, brain stem,
hypothalamus. and olfactory tubercie. In contrast,
LSD signiﬁcantly increased the DOPA accumulation jn
cerebral cortex and in the brain stem. LSD also tended
to increase the DOPA accumulation in the hypo-
thalamus, Remarkably, LSD appeared not to have any

tyrosine hydroxylation in  the nigro-neostriata]
pathway.

tryptaminergic pathways,

It is well known that blockade of Postsynaptic
receptors on target cells of DA-neurons increases the
DA turnover (Cheramy et al., 1970; Andén etal, 1972).

activity predommamly at presynaptic receptors (auto-
receptors) (Carlsgon, 197S; Roth et al,, 1975; Persson,
1977a). BOL increased the DA concentration in the
striatum, a finding thay may reflect an increased DA
synthesis and/or turnover. Qur finding that 1.SD did

with earlier observations in the rat (Andén et af., 1968)
and the mouse (Menon et al., 1977), However, we were
unable to observe an increased rate of disappearance of
NA in the whole brain as observed by Andén et g,
(1968).

Da Prada et g1 (1975) reported that LSD decreased
the -MT-induced disappearance of DA in the teldien-
cephalon. They also reported that LSD decreased HVA
in the eyes and in the striatum, In contrast, we found
that LSD did not signiﬁcun!ly change the o-MT.
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induced disappearance of DA in the striatum. In
addition we have in the present study and in earlier
studies (Persson, 1977a, 1977b) demonstrated that LSD
and BOL increased the DOPA accumulation in the
striatum. Furthermore, we found that LSD and BOL
increased the DOPAC levels in the striatum (Persson,
1977b).

The present study confirms our earlier findings that
both LSD and BOL increase the in vivo tyrosine
hydroxylation in the striatum (Persson, 1977a, 1977b).
The finding that LSD but not BOL increased the DOPA
accumulation in the cerebral cortex and in the brain
stem suggests that LSD primarily affects 5-hydroxy-
tryptaminergic pathways and may be explained by the
observed differences between the drugs in their effects
on central 5-HT neurons (Aghajanian et al.,, 1970;
Aghajanian, 1976). The increased DOPA accumulation
after LSD and BOL probably means that LSD and
BOL block DA receptors. The unchanged DA turnover
in the striatum suggests that LSD and BOL block
autoreceptor (presynaptic receptors) (Carlsson, 1975
Rothet al., 1975; Persson, 1977a). These rcceptors may
be DA receptors, but they may also be 5-HT- and/or
LSD-sensitive receptors (Lovell and Freedman, 1976;
Persson, 1977a). The present investigation gives no
evidence for a DA-receptor-stimulating effect of LSD.
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