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We have earlier shown that d-lysergic acid diethylamide,
LSD and its 2-bromo derivative, BOL like the dopamine (DA)

antagonist haloperidol increased the rate of the in vivo
tyrosine hydroxylation in the striatum measured as the
accumulation of DOrA aftem decarboxylase inhibition.

Now we have found that several agents structurally similar
to LSD increase the in vivo tyrosine hydroxylation in the
striatum. Psilocybin'-[50-_glkg i.p.) and N,N-dimethyl-

tryptamine (50 mg/kg i.p.) caused a shoPt-lastin_ increase
of DOPA accumulation, while mescaline (10 - 100 mg/kg i.p.)
did not increase the DOPA accumulation. A marked increase

of DOPA accumulation was observed after the 5-hydroxytrypt-

amine (5-HT) antagonist cypPoheptadine. The effects of LSD
and structurally related drugs on the DOPA accumulation an
the striatum appear to be mediated via DA antagonism at

receptor level. However, these agents may control the DOPA
accumulation via other receptors than DA receptors e.g.
5-HT receptors. A control of DOPA accumulation via recep-
tors other than DA receptors appears to be predominant
after treatment with N,N-dimethyltryptamine or psilocybin.

LSD and its bromo derivative, BOL, have been shown to increase the

in vivo tyrosine hydroxylation in the striaTum measured as the
accumulation of DOPA after inhibition of The neuronal decarboxylase
(i, 2). Furthermore we have found that LSD and BOL i_creased the

concentration of 3,4-dihydroxyphenylacetic acid (DOPAC) in the
striatum (3). These findings, together with the observation that
LSD and BOL antagonized the effect of the DA agonist apomorphine
on the DOPA accumulation, suggest that LSD and BOL like the DA

antagonist haloperidol block central DA receptors. However, LSD
like the DA agonist apomorphine was found to inhibit the increased

_ rate of DOrA accumulation seen after cerebral hemitranssection, .-
treatment with gamma-butyrolactone o_ after treatment with mesem-

pine. BOL lacked these effects (i). These findings suggest that

LSD and BOL act at central DA receptors. Depending on the function-
al activity in the nigro-neostriatal pathway LSD seems to act as
an agonist or an antagonists partial aEonisT. BOL appears to have

only antagonistic properties.

We have now studied whether drugs, which a_e structurally similar
to LSD, also have effects, which could be ascribed to activity at

central DA receptors.
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The experiments were performed on male Sprague-Dawley rats. In
vivo tyrosine hydroxylation was measured as the accumulation of

after inhibition of the neuronal decarboxylase by 3-hydroxy-

benzyl hydrazine HCI (NSD 1015). This method was originally de-
veloped by Carlsson et al. (4). DOPA was isolated and determined
spectrophotofluorime_-ri_-ally (I, 5). In order to examine the ef-
fects of the various drugs at presynaptic DA receptors (auto-

receptors) we used the method described by Roth et al. (6). Gamma-
butyrolactone, GBL has been show_ to inhibit the--[m_Ise flow in
the nigro-neostriatal pathway. Thereby the neuronal feedback
mechanism (7) is probably eliminated. Drugs, which counteract the
effects of GBL have therefore been suggested to act at presynaptic

DA receptors. This method has shown to be a useful tool in order
to differ between drugs which have presynaptic effects and drugs,
which lack presynaptic effects. In a few experiments the short-

, time accumulation of DOPAC was measured (8). Statistical signific-
ance of the results was assessed using the two-tailed student's t-
test.

.' Results ;

N,N-dimethyltryptamine (50 mg/k g i.p.) and psilocybin (50 mg/kg

i.p.) significantly increased the accumulation of DOPA (Table I).

Table I

Time after Drug Dose n DOPA Comparisons be-

drug ad- (mg/kg _g/g + tween the various I
ministr'a- i.p.) S.E.M?) treatments !

tion (p-value_;) 1

0.5h a) NaCI 9 982+ 65 -

: b) N,N-dimethyl- 50 6 1362_157_ a-b < 0.025
-. tryptamine

c) Psilocybin 50 3 l15q+ 69 a-c N.S.
d) Mescaline i00 6 902T 99 a-d N.S.

e) Cyproheptadine i0 3 2245_290_ a-e < 0.001
HCI

l.O h f) N,N-d[methyl- 50 6 1007_]q a-f N..q.

tryptamlne

g) Psilocybin 50 3 1343+141 a-g < 0.025
h) Mescaline 100 6 85qT 58 a-h N.S.

i) Cyproheptadine i0 3 2139_205 a-i < 0.001
HCI

2.0 h j) N,N-dimethyl- 50 q 769!i01 a-j N.S.
tryptamine

k) Psilocybin 50 3 1246+150 a-k N.S.
i) Mescaline i00 6 805T 49 a-i N.S.

m) Cyproheptadine I0 q 152qTi09_ a-m < 0.001
HCI

DOPA accumulation at various times after the administra-

tion of NaCI, N,N-dimethyltmyptamine, psilocybin, mesca-

line or cyproheptadine HCI. NSD 1015 (i00 mg/kg i.p.) was
administered to all rats 20 min. before sacrifice. "

The ]ncr,_ase after' N,N-_l[methy]tr'yptamine was obserw.d .l[[_,r'0.5 h

and persisted for about I h. The increased DOrA accumulation after
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the administration of psiloeybin appeared after i h and tended to"

last i h. Mescaline did not significantly change the accumulation
of DORA.

Cyproheptadine (50 mg/kg i.p.) markedly increased the accumulation
of DOPA. This increased DOPA accumulation lasted for at least 2 h.

N,N-dimethyltryptamine significantly _lecreased the shore-time

accumulation of DOPAC, while ps_locyb[cL had no signiflc_nt effect
('|'able Ii).

Table II

Drug NaCI 0.8 % N,N-dimethyl- Psilocybin

tryptamine 50 mglkg
50 mg/kg

DOPAC ng/g +
S.E.M. 1107 + 27 (12) 260 + 27 (_) 1135 + 38 (4)
(n) - - -

Comparison
with the - < 0.001 N.S. ;

control

- (p-values)

DOPAC levels in the striatum 30 min. after the

administration of N,N-dimethyltryptamine, psilo- ° !" _
cybinor NaCI.

Haloperldol (0.5 mg/kg i.p.) strongly and cyproheptadine (i0 mg/kg i
i.p.) weakly antagonized the decreasing effect of apomorphine on i
the accumulation of DORA. Mescaline_ N,N-dimethyltryptamine and

psilocybin did not antagonize the effect of apomorphine an the !
DOPA a_cumulation,

As previously reported (i, 9) apomorphine and also LSD (i) inhi-
bited the effect of GBL on the DOrA accumulation. Mescaline, N,N-

dimethyltryptamine, psilocybin and cyproheptadine did not show
this effect.

Preliminary results showed that cyproheptadine did not antagonize ,i

the inhibiting effect of apomorphine on the DOrA accumulation
after treatment with GBL. However, cyproheptadine antagonized the

effect of LSD, on the DOPA accumulation after GBL. i

Discussion "!

- The present study shows that N,N-dimethyltryptamine and psilocybin !
like LSD increased the accumulation of DOrA in the striatum. The

effects of N,N-dimethyltryptamine and psilocybin were rather short-

lasting and less pronounced than those reported after LSD (i),
while mescaline did not significantly change the accumulation of

DORA. In analogy with the effect of haloperidol, an increased DOPA
accumulation after N,N-dimethyltryptamine and psilocybin could be

a result of pre- and/or postsynaptic DA receptor blockade (i0).
However, in contrast to haloperidol N,N-dimethyltryptamine and
psilocybin did not increase the striatal DOPAC _vels. Furthermore

N,N-dimethyltryptamine and psilocybin did not antagonize the effect
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of apomorphine in rats with an intact nigro-neostriatal pathway or
in rats treated with GBL. Therefore %he effects of N,N-dimethyl-

tryptamine and psilocybin on the DOrA accumulation appear not to
be mediated by DA receptor blockade.

Cyproheptadine has been shown to block central 5-HT receptors (Ii,

12). In the present study cyproheptadine was found to effectively
increase the DOrA accumulation. CypPoheptadine also had a weak

• antagonizing effect in rats treated with apomorphine. This drug
may therefore be a weak DA receptor blocker. However, the fJndlngs
in GBL-treated rats suggest that cy_rohepfadine predominantly

blocks other receptors than DA receptors i,e_ LSD-sensitive recep-
tors or 5-HT receptors.

The present study shows that agents structurally related to LSD
• increase the DA-synthesis in a central, predominantly dopaminergic

pathway. The examined drugs appear to control the DA-synthesis in

the striatum pmedominantly via mecepfors other than DA-meceptors
probably LSD-sensitive receptors or 5-HT receptors. However, cypro-

•" heptadine appears to have an effect on DA receptors comparable
with, but weaker than the effects reported after treatment with
LSD and BOL (i).
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