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SUMMARY

The influence of n-lysergic acid diethylamide (LSD) and mescaline on adenylate
cyclase activity was studied in homogenates of Cebus and rhesus monkey anterior
limbic cortex (ALC), frontal cortex (FC), caudate nucleus and retina. Previous studies
have shown these tissues to contain dopamine-stimulated adenylate cyclase (AC). In
addition, we are now reporting the presence of a dopamine-sensitive adenylate cyclase
in the auditory cortex. AC of ALC and auditory cortex was stimulated by LSD and
mescaline, whereas activity of FC, caudate nucleus and retina was not stimulated by
the same agents. In contrast to regional specificity for stimulation, LSD was capable of
antagonizing dopamine-stimulated activity in all brain regions examined.

LSD and mescaline produced similar maximal stimulation (about 70°;) of AC
of ALC homogenates, but the ECso for LSD (0.43 £ M) was about one-tenth that for
mescaline (4.5 uM). Similar relative potencies were also observed for the auditory
cortex enzyme. Although much weaker than LSD, methamphetamine also produced a
dose-dependent stimulation of ALC AC. Both agonist and antagonist effects of the
hallucinogens appear to involve interaction with dopamine receptors; LSD- or
methamphetamine-stimulated activity in ALC was blocked by haloperidol and
fluphenazine, which are dopamine antagonists, but not by phentolamine, an a-
receptor blocker. Antagonism of dopamine by LSD in both ALC and FC was found to
be competitive and mescaline was an effective but weaker antagonist than was LSD. In
addition, neither histamine — nor Gpp(NH)p — stimulated activity of FC was
inhibited by LSD. 1t is proposed that the occurrence of dopamine agonistic action of
hallucinogens in only certain regions of primate brain may provide a basis tor at least
some of the behavioral effects of LSD, mescaline and methamphetamine in primates.
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INTRODUCTION

The mechanisms involved in the psychotomimetic actions of various hallucino-
genic agents including p-lysergic acid diethylamide (L.SD) are poorly understood?.10.
22,37 Biochemical®14.16_ physiological!-3% and behavioral15.19.20,32 studies suggest that
LSD and related hallucinogens may interact with central monoaminergic receptors.
Considerable evidence suggests that dopamine functions as a neurotransmitter in the
central nervous system and the synaptic actions of this amine may be mediated at least
in part by cyclic AMP (cAMP) formed at postsynaptic receptor sites'’. Since
pharmacologic evidence implicated brain dopamine receptors in psychotic disorders as
well as experimental psychoses (c.g., amphetamine-induced psychosis)?3, it is possible
that psychotomimetic effects of LSD and other hallucinogens may be mediated at
least partially by their interaction with, dopaminergic receptor systems. A number of
bzhavioral and neurochemical studies in animals have indicated that LSD interacts
with dopamine receptors in vivo!116.20,27,30-32 [n recent studies mainly using rat
brain cell-free preparations, LSD was found to interact with dopamine-sensitive
adenylate cyclase in certain brain regions, LSD stimulated the activity of dopamine-
sensitive adenylate cyclase in cell-free preparations of caudate, retina, nucleus
accumbens and limbic cortex of rat brain and retina of rat, rabbit, calf and cat!4.34,35,
10,92 £.SD also blocked the dopamine stimulation of the cyclases in certain brain
regions? HL3L10.42 and retina?3, These results are in agreement with recent receptor
binding studies suggesting that LSD acts as a mixed dopamine agonist-antagonist at
dopamine receptors!®13.

Recent work from our laboratory indicates that pharmacologic properties of
dopamine receptor-adenylate cyclases differ in the various regions of monkey brain
receiving dopaminergic innervations?:521.29 These results, together with the ability of
LSD to interact with central dopamine receptors described above, point o a
possibility that the effect of LSD on dopamine-sensitive adenylaie cyclase may vary in
different regions of primate brain. To cvaluate this possibility, we examined in this
study the effect of LSD on basal and dopamine-stimulated adenylate cyclase activity in
various regions of monkey brain. Also included in this study were mescaline and
methamphetamine. We now report that, in addition to LSD, mescaline and metham-
phetamine are capable of stimulating adenylate cyclase activity, and that there are
regional differences in response to LSD and mescaline in primate brain.

MATERIALS AND METHODS

Twelve monkeys (10 Cebus apella and 2 Macaca mulatta) ranging in age between
3and S years were used. Brain tissues were dissected out from frontal orbital regions
(frontal cortex), anterior portion of arcas 24 and 25 of Walker and Broadman*?
(anterior limbic cortex), arca A14" (primary auditory cortex), caudate nucleus and
retina of Nembutal (50-70 mg/kg. i.p.) anesthetized animals. Excised tissue was washed
with isotonic NaCl solution and gently homogenized by hand in a loose-fitting ail-
glass Kontes homogenizer at 0 4 °C in 2 mA/ Tris-maleate buffer containing 0.8 mM
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EGTA at dilutions of 1:40 (wet wi./vol.) for frontal cortex and auditory cortex, or 1 :60
for anterior limbic cortex, retina and caudate nucleus. Since the response to
hallucinogens of sensitive tissues markedly declined upon freezing and storage of brain
tissue, adenylate cycluse assays were carried out using homogenates of fresh brain
tissue.

Basal and agent-stimulated adenylate cyclase activities were measured as
described® with a minor moditication. The reaction mixture in a total volume of 100 gl
contained 80 mM Tris-maleate bufler (pH 7.4), 5 mM theophytline, 2 mM MgS0O,, 0.5
mM ATP, 25 pl of brain homogenate and appropriate hallucinogens or other agents.
The reaction was initiated by addition of the homogenate and was allowed to proceed
for 5 min at 30 "C in a shaking water bath. The reaction was terminated by placing the
assay tubes in a boiling water bath for 3 min. Particulate matter was removed by low-
speed centrifugation and aliquots of the supernatant fluids were assayed for cAMP by
a protein-binding assay previously described!!. All values were corrected for the small
amount of endogenous cAMP present in contro! samples which were incubated at 30
°C without substrate. Each experiment involved triplicate adenylate cyclase incuba-
tions for every condition studied, together with replicate determinations of cAMP.
Protein was measured by the method of Lowry et al.23. A Student’s s-test was used to
determine the significance of stimulation by hallucinogens and other agents.

RESULTS

Stimulatory effects of LSD and mescaline on adenylate cyclase activity in various brain
regions of Cebus monkey

LSD was found in the present study to stimulate adenylate cyclase activity in
homogenates of anterior limbic cortex and auditory cortex, but not of froatal cortex,
caudate nucleus or retina, of Cebus monkey (Table 1), indicating regional difference in
responsiveness to LSD. Mescaline, another hallucinogen exhibiting cross-tolerance
with LSD, also stimulated adenylate cyclase activity of anterior limbic cortex and
auditory cortex, but not of frontal cortex and caudate nucleus, in parallel with the

’

TABLE |
Regional differences in responsiveness of monkey CNS adenylate cyclase to LSD aud wescalinte

Homogenates of Cebus monkey brain regions and retina were prepared and assayed as described in
Materials and Methods. Values are expressed in pmole cAMP formed/mg protein/S min. Per cent sti-
mulations due to agents are in parentheses. Each agent added is at a final concentration of 10 uM
for all regions except for retina (6 uM LSD). Each value represents a mean -1 S.E.M. for 4 (auditory
cortex, caudate nucleus) or 12 (anterior limbic and frontal cortex) separate incubations (1 or 3 separate
experiments) each assayed in duplicate.

Agents Anterior limbic  Frontal cortex  Auditory cortex  Caudute nucleus  Retina
added cortex

None 106 + 10 182 + 11 83 +9 394 +5 124 + 13
LSD 180 -7 (470) 171 £ 15(—6) 151 -+ 11(+82) 300 4 13(—24) 140  14(+413)
Mescaline 162 4 15(138) 166 £ 6 (—9) 11618 (140) 376 4 32(—5)

D ——
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Fig. 1. Dose-dependent stimulation of ad’enylate cyclase activity by LSD and mescaline in Cebus
monkey anterior limbic cortex homogenates. Basal activity was 123 +- 8 pmole cAMP/mg protein/S
min (mean -{- S.E.M. for § separate experiments). Each point and vertical bar represents the mean
4. S.E.M. of 6--15 incubations. Numbers of cxperiments are in parentheses. @ ——@, LSD, A----A,
mescaline.

effect of LSD (Table I). Effects of varying concentrations of LSD and mescaline on the
adenylate cyclase activity were then examined in the anterior limbic cortex of Cebus
monkey. The enzyme activity was increased by 70% in the presence of LSD at
maximally eflective concentrations (Fig. 1). A significant stimulation (159, P < 0.05)
was observed at a concentration as low as 10-7 M and the ECjso (concentration for
half-maximal stimulation) for LSD was 4.3 x 10-7 M, which is comparable to the
reported values (1.4 X 1077 M and 5 x 10~7 M) for rat striatum?#2, Although LSD
and mescaline, at maximally effective concentrations (10-5 M for LSD and 101 M for
mescaline), produced about the same magnitude of stimulation, LSD was more
effective than mescaline at submaximal concentrations (ECso for mescaline 4.5 > 1076
M) (Fig. 1). Similar relative potencies of LSD and mescaline were also found for the
auditory cortex adenylate cyclase (results not shown).

Effect of a- and dopamine-receptor antagonists on 1.SD-stimulated adenylate cyclase
activity

In an attempt to characterize pharmacologically the receptor mediating the
stimulation by LSD of adenylate cyclase, the effects of receptor blocking agents were
examined. The LSD (! uM)-stimulated activity in the anterior limbic cortex was
antagonized more than 50°%; by the dopamine receptor antagonists fluphenazine and
haloperidol at 0.1 pM, but was not significantly blocked (P < 0.1) by 0.1 uM
phentolamine, an a-adrenergic receptor blocker (Table 11). These blocking agents at
the concentration used did not affect the basal enzyme activity (results not shown). It
should be noted that the approximately equal potencies of haloperidol and flu-
phenazine in blocking LSD stimulation of cyclase activity paralleled their antagonistic
potencies*29 on the dopamine-stimulated activity in the anterior limbic cortex, thus
further suggesting the interaction of LSD with dopamine receptor adenylate cyclase.
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TABLE 1l

Influence of blocking agents and LSD-stimulated adenylute cyelase activity of Cebus monkey antevior
limbic cortex

Each value is a mean -i. S.E.M. for two separate experiments. n.s. -- not statistically significant (P >-
0.05). Final concentrations are | #M LSD and 0.1 M antagonist. Values in parenthesis indicate signif-
icance (P values) of difference between LSD and LSD plus blocking agent. Different monkeys were used
for separate experiments.

Agents added [JIHU/(’ cAMP /vrm( d/ Inhibition due 1o
mg protein!5 min amtagonist (°,)

none 142 | 5

LSD 267 4 10

LSD + phentolamine 236 + 16(n.s.) 25

LSD +4 haloperidol 183 +- 20 (P <2 0.01) 67

LSD + ﬂuphcndzme 186 + 10(P <2 0.001) 65

Antagonist effects of LSD on dopamine-stimulated adenylate cyclase activity in different
brain regions

Since the above studies with blocking agents indicate a possible interaction of
LSD with dopamine receptors, the effect of LSD on dopumine-stimulated adenylate
cyclase activity was investigated in anterior limbic cortex, auditory cortex, frontal
cortex, caudate nucleus and retina of Cebus monkeys. Dopamine produced from 100
to 300 %; stimulation of enzyme activity in these regions of monkey brain, with greatest
stimulation found in the auditory cortex (Table I1l). The dopamine-stimulated
activities in these brain regions were all significantly blocked by LSD at concentrations
1/2 to 1/50 those of dopamine (Table 111) in contrast to the stimulatory effect of LSD,
which was observed only in anterior limbic cortex and auditory cortex. These results,
together with the aforementioned stimulatory effect of LSD, indicate that LSD can act
as a mixed agonist and antagonist for dopamine sensitive adenylate cyclase in anterior
limbic cortex and auditory cortex. This is in line with earlier studies!31.35,10 of
adenylate cyclase activity of various rat brain regions, as well as with studies of
dopamine receptor radioligand binding of calf caudate nucleus!2.13, Mescaline
at 100 uM also caused 51 -+ 14 %, inhibition (P < 0.02 for 2 separate experiments) of
the dopamine (50 uM)-stimulated cyclase actmty in Cebus monkey frontal cortex.

In order to further examine whether LSD and dopamine directly interact with
the same receptor sites, the dose-response curves for cyclase activation were compared
in the presence of either dopamine alone or dopamine plus a fixed concentration of
LSD (10 uM or | uM)in anterior limbic cortex and frontal cortex of Cebus monkeys.
LSD lowered the apparent affinity of dopamine receptor for dopamine in both
regions: the affinity decreased from 0.5 to 10 uM by | M LSD and even further by 10
pM LSD in anterior limbic cortex, and from | to S0 M by 10 xM LSD in frontal
cortex (Fig. 2A and B). In addition, the same maximal stimulation of activity was
observed in the presence or absence of LSD in anterior limbic cortex, indicating
competitive interaction between LSD and dopamine for the same receptor. Although a
submaximal stimulation of activity was obtained by 100 M dopamine in the presence

e T —
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TABLE HI

Inhibitory effect of LSD on dopamine-stimudated adenylate cyclase activity in various regions of Cebus
monkey cerebral cortex

Dopamine-stimulated adenylate cyclase activities in Cebus monkey frontal cortex (100 uM DA) and
anterior limbic cortex (50 M DA) were inhibited by 10 4 M fluphenazine 85 % and 90 %, respectively.
P -~ 0.01 for the difference between the . alue obtained with dopamine and the value obtained with
dopamine plus LSD in all regions except for caudate nucleus (P -2 0.05).

Brain regions and agents added pmole cAMP formed| Per cent

mg protein/5 min stimulation
Frontal cortex* '
None 160 ! 20
Dopamine, 100 #M 344 + 26 115
LSD, 10 uM 147 4 12 —8
Dopamine, 100 M | LSD, 10 oM 246 + 18 54 (—46)
Anterior limbic cortex*
None 126 4+ 3
Dopamine, 50 uM 307 -+ 16 144
LSD, 10 uM 193 416 53
Dopamine, 50 4M | LSD, 10 M 215 + 10 71 (—88)
Auditory cortex**
None 8349
Popamine, 100 4 M 330 4 9 298
LSD, 10 M 151 4 1l 82
Dopamine, 100 nM | LSD, 10 uM 290 | 7 249 (—44)
Caudate nucleus**
None 394 |5
Dopamine, 50 M R30 | 25 (B0
LSD, | uM 410-1 17 4
Dopamine, 50 uM | LSD, | pM 680 -|- 38 73 (—36)
Retina*
None 124 .+ 13
Dopamine. {0 uM 337 4 30 172
LSD, 6 M 140 |- 14 13

I 4 55 (—76)

Dopamine, 10 uM |- LSD, 6 uM 192 -

* Each value is an average of two separate experiments -+ S.E.M.
** Each valucis an average of 3 incubations |- S.E.M. in one experiment. The numbers in parentheses
(A)represent per centinhibition due to LSD: these values were calculated from the following equation

S (Activity with DA plus LSD)-(Activity with LSD)
per cent inhibition = [ . - —
. (DA-activated activity)-(Basal activity)

——l] x 100

of 10 uM LSD in frontal cortex (Fig. 2B), the same maximal stimulation (with 100 uM
dopamine) was observed in the presence or absence of 5 uM LSD (data not shown).

Comparison of effects of LSD on histamine, dopamine and Gpp( NH )p-stimulated
activity

In order to ascertain specificity of the inhibitory action of LSD on the dopamine
receptor, effects of LSD on histamine- and Gpp(NH)p-stimulated cyclase activity were
also investigated in rhesus monkey frontal cortex. Dopamine, histamine and Gpp-
(NH)p-stimulated cyclase activity 80°,, 103 and 7799, respectively (Table V).
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Although LSD (2 u M) inhibited the dopamine-stimulated activity by 46, it failed to
antagonize the histamine- or Gpp(NH)p-induced stimulation of cyclase activity, thus
indicating a specific inhibition of the dopamine receptor by LSD (Table V).

Interaction of methamphetamine with adenylate cyclase
Since adenylate cyclase of anterior limbic cortex was stimulated by LSD and

200 A. Anferior limbic cortex - LSD

180 3

160 T " P
e

140 / .
120 I P

100 I/ __--T - by

28 I 1—"— TS +LSD (1uM) +LSD (10 4M)

40

20
02 # 1 L 1

IBO|- B. Frontal cortex

160 |
oo 3///

120
/
// d
AN\

100
80

I”, +LSD(10uM)
_I_ — -

T T T
\\
*—

60
40
20
0
-20f——--#=""
— ! I I
0 1 0 100
Dopamine (pM)
Fig. 2. Effect of various concentrations of dopamine on the activity of adenylate cyclase in frontal
cortex (FC) and anterior limbic cortex (ALC) of Cebus monkey in the presence and absence of LSD.
Basal enzyme activities in the absence of added agents were 170 | 14 and 122 | 6 pmole cAMP/mg
protein/S min (mean | S.E.M. for 6 determinations), respectively, for FC and ALC. A: anterior
limbic cortex; B: frontal cortex. « )———(), without LSD) ; @----@, with LSD. The final concentrations
of LSD were 10 #M for frontal cortex and | or 10 M for anterior limbic cortex.

increase in pmoles cAMP/mg protein /Smin

N\

TABLE IV

Influence of LSD on dopamine-, histamine- and Gppf NH)p-stimulated adenylate cyclase activities in
rhesus monkey frontal cortex

Final concentrations are 30 #M for all agents except for LSD (2 yeM). Each value represents mean -4

S.E.M. for 3 incubations. Each assay in duplicate. Values in parenthesis indicate significance of differ-
ences between values of agent alone and LSD plus agent. n.s. -~ not significant at P - 0.05.

Agents added pmole cAMP formed| Change due to
mg protein|5 min LSD (9,

None 170 + 12

LSD 170 + 7

Dopimine 306 + 16

Histamine 345 + 14

Gpp(NH)p 1494 4- 21

Dopamine -+ LSD 243 4+ 15(P << 0.05) —46

Histamine 4- LSD 354 + 23 (n.s.) L5

Gpp(NH)p -i- LSD 1450 + 41 (n.s.) —3
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TABLE V

Effect of methamphetamine and ephedrine or; adenylate cvelase activity in homogenate of rhesus monkey
anterior limbic cortex

Each value represents mean  S.E.M. for 1-3 experiments. n.s. ~ not significant. P values for signif-
icance of stimulation are in parentheses.

Agents added pmole cAMP formed| Stinwlation

mg protein|5 min (%)
None T8 . THx*
Methamphetamine, 1 4 M 101 4. 10* (n.s.) 29 N
Methamphetamine, 10 #M 119 4 LO*** (P < O.1) 53
Methamphetamine, 100 £M 128 + §8%** (P < 0.001) 64

Ephedrine, 100 M 98 -t 5** (P < 0.05) 26

o - : ’
** An average of I experiment.
** An average ol 2 experiments.
*** An average of 3 experiments.

mescaline, hallucinogens with cross-tolerance, the influence of another type of
hallucinogen, methamphetamine, was examined on adenylate cyclase activity of rhesus
monkey anterior limbic cortex. Methamphetamine, an amphetamine analog, stimu-
lated activity of the anterior limbic cortex in a dose-dependent manner at concentra-
tions ranging from 1 uM to 100 M, with an ECsp a little higher than | uM (Table V).
Ephedrine, a structural analog of methamphetamine, at 100 uM also caused a small
but significant stimulation of activity (Table V). Additional studies with blocking
agents revealed that the methamphetamine (50 uM)-stimulated activity was more
effectively blocked by haloperidol than by phentolamine or propranolol at a concen-
tration 1/10 that of methamphetamine (data not shown).

DISCUSSION

Earlier investigations from this laboratory demonstrated the presence of
dopamine-sensitive adenylate cyclases in frontal cortex, retina, caudate nucleus and
anterior limbic cortex of Cebus and rhesus monkey brain3:25:28 and further indicated
regional differences in pharmacologic properties of dopamine receptors in these
regions on the basis of their relative responsiveness to dopamine agonists and
antagonists®-2429,. The present study reveals for the first time the occurrence of
dopamine-sensitive adenylate cyclase in primary auditory cortex. This activity exhibits
a greater maximal response to dopamine than any other region of Cebus monkey brain
examined. The presence of this activity, together with the known dopaminergic
innervation®-2! in auditory cortex, suggests a functional role of dopamine-stimulated
adenylate cyclase in auditory transmission.

Results in this study demonstrate a differential response of various regions of
Cebus monkey brain to the stimulatory effects of LSD and mescaline. Thus, adenylate
cyclase activity of anterior limbic cortex and auditory cortex. but not of frontal cortex,
caudate nucleus and retina, was stimulated by LSD and mescaline. Stimulation of
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adenylate cyclase activity by LSD was previously reported for caudate and mesolimbic
areas of rat brain and retina of non-primate species®+ 10, Selective stimulation by LSD
and possibly mescaline of dopamine sensitive adenylate cyclase activity in certain
monkey brain regions is in contrast to its reported stimulation of the activity in most
of rat brain areas examined3’, indicating a possible species difference. Also, the
magaitude of stimulation by LSD observed in the present study is greater than that
reported in previous studies of non-primate brain (see Introduction for references). A
dose-dependent stimulation of adenylate cyclase in anterior limbic cortex and auditory
cortex of Cebus monkey in this study is the first observation of direct stimulation of
adenylate cyclase by mescaline in cell-free preparations, and contrasts with the
reported lack of its stimulatory effect on cyclase activity in rat superior colliculi and
striatal preparationsi!+42, In slice preparations of rat brain stem, mescaline and other
hallucinogens (e.g. psilocybin, LSD, N, N-dimethyltryptamine) were carlier reported
to elicit a two-fold increase in cAMP38,

In contrast to the stimulatory effect of LSD and mescaline in only selective
regions, the inhibitory effect of LSD on dopamine-stimulated activity was observed in
all brain regions examined. Although considerably weaker than LSD, mescaline at
high conceatrations also had a significant inhibitory effect on dopamine-stimulated
activity. Inhibition of dopamine-stimulated activity as well as stimulation of basal
activity by LSD were also previously reported for rat striatum®1435.10,92 Since
neither histamine-stimulated activity nor Gpp(NH)p-stimulated activity in monkey
frontal cortex was inhibited by LSD, this inhibitory effect appeared to involve a
specific antagonism of dopamine. Thesc findings together with the data for competi-
tive antagonism by LSD of dopamine-stimulated activity in monkey brain regions and
for inhibition of LSD-stimulated activity in limbic cortex by dopamine antagonists
suggest a direct interaction of LSD with dopamine receptors to effect stimulation or
inhibition of dopamine-sensitive adenylate cyclases. In support of this interpretation
are recent findings'?13 that LSD had very high affinity for dopamine binding sites in
non-primate brain, and that it also acted as a mixed dopaminc agonist-antagonist
based on its similar affinities for tritiated dopamine agonist and antagonist binding
sites. The ability of LSD to block dopamine receptors in all primate brain regions
examined but to stimulate dopamine-sensitive activity only in selective regions
suggests that molecular interactions between LSD and dopamine receptors may be
required for activation of cyclase activity in addition to those required for binding and
competitive inhibition of dopamine-stimulated activity. Methamphetamine, probably
representative of a class of psychotomimetic drugs different from that of LSD and
mescaline®41, also stimulated adenylate cyclase activity of anterior limbic cortex, and
the stimulatory effect of methamphetamine was effectively antagonized by haloperi-
dol. This finding indicates a direct receptor stimulation by the drug which would be in
addition to the well-known presynaptic actions of amphetamine and its derivatives on
catecholamine release and uptake.

1t seems possible that the activation of dopamine-sensitive adenylate cyclase in
monkey anterior limbic cortex and auditory cortex by these hallucinogens may be
responsible for at least some component of their psychotropic effects. Consistent with
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this possibility is the finding that the minimal effective concentrations of these
hallucinogens (0.1 uM for LSD, about | uM for mescaline and between 1 and 10 uM
for methamphetamine) in stimulating anterior limbic cortex adenylate cyclase are
comparable and parallel to the reported values3? of their minimal effective brain levels
in an animal behavior test (0.5 nmole/g for LSD, 5 nmole/g for mescaline and 25
nmole/g for amphetamine). However, the relative potencies of LSD and mescaline for
psychedelic effects in man!® differ much more markedly from one another than is the
case for the animal studies3® or adenylate cyclase studies reported here. Also, the
psychedelic effects of methylamphetamine differ qualitatively from those of LSD?22.26,
These findings taken together suggest that the stimulatory effects of hallucinogens on
anterior limbic cortex adenylate cyclase may be responsible for abnormal behavior in
animals, but may not be directly related to their psychedelic action(s).

LSD has bzen found to have high affinity for central serotonin binding sites? as
well as for dopamine binding sites!2:13, as described previously. We have recently
found that monkey anterior limbic cortex contains not only a dopamine- but also
serotonin-sensitive adenylate cyclase that is also sensitive to neuroleptic drugs?, and
the characteristics of this serotonin system, including possible interactions of halluci-
nogens, will be describad in a separate communication. The data reported in the
present study, in conjunction with our previous reports3.5.24:29 indicate that regional
differences in dopamine receptor-adenylate cyclase systems include differences in
response to hallucinogens. Further studies will be required to assess the functional
significance of these findings.
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