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label for sigma receptors will be presented. Finally we will 
present methods that allow solubilization of active sigma re- 
ceptors and we will show that the novel probes described 
above are useful tools for characterizing the solubilized bind- 
ing sites. 

PHENCYCLIDINE DISCRIMINATION AND N-METHYL- 
D-ASPARTATE RECEPTOR STIMULATION AND AN- 
TAGONISM IN RATS. Willetts, J. and R. L. Balster. De- 
partment of Pharmacology and Toxicology, Medical College 
of Virginia, Virginia Commonwealth University, Richmond, 
VA 23298. 

Much evidence exists to suggest that phencyclidine (PCP) 
acts to inhibit excitatory amino acid (EAA) neurotransmis- 
sion mediated by N-methyl-D-aspartate (NMDA)-sensitive 
EAA receptors: PCP and PCP-like drugs selectively antago- 
nize NMDA-induced excitation of central neurons, PCP pre- 
vents NMDA-induced transmitter release and binding 
studies show that while PCP and NMDA receptor are dis- 
tinct, they may be intimately associated. Evidence also 
suggests there is some overlap in the behavioral effects of 
PCP and NMDA-receptor blocking drugs (Koek et al., 
Behav Brain Res 19: 257-259, 1986; Koek et al., Life Sci 39: 
973-978, 1986). We, therefore, decided to investigate 
whether the NMDA antagonist 2-amino-7-phosphonohepta- 
noate (APH) would produce PCP-like discriminative stim- 
ulus effects and whether NMDA could block the discrimina- 
tive stimulus properties of PCP in rats. Male Sprague- 
Dawley rats were trained to discriminate between PCP (1.25 
mg/kg IP) and saline on a two lever fixed-ratio 32 schedule of 
food reinforcement. During the last 10-minute segment of a 
30-minute test session, intracerebroventricular (ICV, 
0.375-30.0/~g), but not systemic (10-30 mg/kg IP), adminis- 
tration of APH produced greater than 80% PCP-lever re- 
sponding in eight out of ten rats, though the dosage at which 
generalization occurred varied between rats. NMDA 
(0.05-0.30/zg ICV) was administered 10 minutes after PCP 
and immediately before test sessions, While the higher doses 
of NMDA produced modest reductions in PCP-lever re- 
sponding during the first 10-minute segment of the 30-minute 
sessions, these were usually accompanied by large reduc- 
tions in response rates. Brief convulsions also followed ad- 
ministration of the highest dose of NMDA. Thus, APH 
shares some discriminative stimulus properties with PCP in 
rats. However, since PCP-lever selection was not as consis- 
tent as it was following PCP administration, there may not be 
a complete overlap in the discriminative stimulus properties 
of PCP and APH. We also conclude that ICV administration 
of NMDA does not antagonize the discriminative stimulus 
properties of PCP. These results are in agreement with those 
of Leander et al. (Excitatory Amino Acid Neurotransmis- 
sion. New York: Alan R. Liss Inc., 1987, pp. 197-204) who 
observed that NMDA does not antagonize behavioral sup- 
pressant effects of PCP in pigeons. (Research supported by 
NIDA Grant DA-01442.) 

BEHAVIORAL SIMILARITY OF DI-ORTHO-TOLYL- 
GUANIDINE (DTG), A SELECTIVE LIGAND FOR A 
HALOPERIDOL-SENSITIVE SIGMA BINDING SITE, 
TO PHENCYCLIDINE (PCP) IN RATS, PIGEONS, AND 
RHESUS MONKEYS. Woods, J. H., W. Koek and E. 
Weber. University of Michigan, Ann Arbor, MI 48109; and 
Oregon Health Science University, Portland, OR 97201. 

DTG is a highly potent ligand for a binding site in rat brain 
that also recognizes certain PCP-like substances, haloperi- 
dol, and 3-(3-hydroxy)-phenyl-N-propylpiperidine (Weber et 
al., Proc Natl Acad Sci USA, in press). An advantage of this 
ligand is its high affinity and selectivity for this site, when 
compared with the affinity and the selectivity of the other 
aforementioned compounds. DTG was compared to PCP in a 
number of behavioral preparations. In pigeons, intra- 
muscular administration of DTG up to lethal doses failed to 
induce a PCP-like catalepsy. PCP-like discriminative 
stimulus effects in pigeons and in rhesus monkeys were 
neither induced nor potentiated or antagonized by behav- 
iorally active doses of DTG. Up to lethal systemic doses, 
DTG failed to produce directly observable PCP-like behav- 
ioral effects (e.g., locomotion, sniffing, swaying and falling) 
in rats. In addition, while producing ataxia, DTG failed to 
produce PCP-type anesthesia, characterized by absence of 
eye closure and muscle relaxation, in rhesus monkeys. Thus, 
our preliminary data suggest that DTG does not share behav- 
ioral effects with PCP. DTG (10-10 mg/rat) when given in- 
traventricularly in rats produces a dose-dependent forelimb 
extension and backward walking; perhaps, resembling some 
psychotomimetic opioids. The further characterization of 
behavioral effects unique to DTG is important to assess the 
relevance of its binding site. (Supported in part by USPHS 
Grant DA-00154.) 

REGIONAL LOCALIZATION OF NMDA AND TCP 
BINDING IN MAMMALIAN BRAIN. Young, A. B., W. F. 
Maragos and J. B. Penney. Department of Neurology, Uni- 
versity of Michigan, Ann Arbor, MI 48104. 

Electrophysiological, behavioral and pharmacological 
studies suggest that dissociative anesthetics block the excita- 
tory actions of N-methyl-D-aspartate (NMDA) in the CNS 
through an allosteric interaction at the channel linked to the 
NMDA receptor. Such an interaction would predict that the 
two receptors have identical regional distributions in brain 
and should be present in some fixed ratio. We have meas- 
ured TCP and NMDA receptors in serial sections of rat and 
human brain using [3H]N-(1-[2-thienyl]cyclohexyl) 3,4- 
piperidine (TCP) and [3H]glutamate as previously described 
(Maragos et al., Eur J Pharmacol 123: 173-174, 1986). There 
was a marked correlation between the regional localization 
of NMDA receptors and TCP receptors in rat and human 
brain. In 52 regions of rat brain, NMDA receptor density 
correlated with TCP receptor density (r=0.95; p<0.001). 
Binding was highest in stratum radiatum of hippocampus. 



INTERNATIONAL SEMINAR ON SIGMA OPIOID/PHENCYCLIDINE-LIKE COMPOUNDS 145 

Other hippocampal regions and outer layers of cerebral cor- 
tex had dense binding. Thalamus, striatum and amygdaia had 
intermediate and brainstem and hypothalamus had low bind- 
ing densities. Bmax studies demonstrated 4--5 times more 
NMDA binding sites than TCP binding sites in all regions 
examined. In human hippocampus, binding for both recep- 
tors was high compared to other brain regions. In patients 
with Alzheimer's disease, both receptor types were de- 
creased 40% in stratum pyramidale of CA1. It may be possi- 
ble to label NMDA receptor complexes in living humans 
using positron-labeled dissociative anesthetics. (Supported 
by USPHS grants AG 06155 and NS 15655, and ADRDA and 
the A.C. and Ersa Arbogast Foundation.) 

SYNTHESIS, RESOLUTION AND DISCRIMINATIVE 
STIMULUS STUDIES OF THE/3-SERIES STEREOISO- 
MERS OF 2,2-DIPHENYL-4-(2-PIPERIDYL)-I,3-DIOXO- 
LANE. Zenk, .1 P. C., E. L. May,* R. L. Balster* and J. V. 
Silverton.t *Department of Pharmacology and Toxicology, 
Medical College of Virginia, Virginia Commonwealth Uni- 
versity, Richmond, VA 23298; and tNational 
Heart, Lung, Blood Institute, National Institute of Health, 
Bethesda, MD 20892. 

The synthesis and resolution of dioxadrol (a-series) has 
been reported but the resolution of the stereoisomers in the 
corresponding #-series has not been reported. The resolution 
of the fl-series has now been accomplished by using (+) and 
( - )  mandelic acid and the absolute configuration of the f l-(-)  
stereoisomer determined by single crystal X-ray analysis. 
The stereoisomers in the fl-series were also tested for dis- 
criminative stimulus properties in phenycyclidine trained 
rats. (Supported by NIDA grant: DA-01442.) ~Current ad- 
dress: Department of Chemistry, College of Wooster, Woos- 
ter, OH 44691. 

HUMAN ENDOGENOUS BRAIN LIGANDS FOR 
SIGMA AND PHENCYCLIDINE RECEPTORS. Zhang,* 
A.-Z., K. N. Mitchell, L. Cook and S. W. Tam. *Depart- 
ment of Neurobiology, Shanghai Medical University, China; 
and Medical Products Department, E. I. du Pont de 
Nemours & CO., Wilmington, DE 19898. 

Sigma and phencyclidine receptors are believed to 
mediate psychotomimetic behaviors. Sigma and phency- 
clidine receptors have different regional distributions in the 
brains of animals. Preliminary reports have suggested the 
existence of sigma and PCP receptor binding activities in 
extracts of guinea pig brains and porcine brains, respec- 

tively. After extracts of human brains were chromato- 
graphed in Fractogel TSK HW-40S columns, peaks of ac- 
tivities which competed with the binding of (+)-[3H]SKF 
10,047 and [3H]TCP for sigma and PCP receptors, respec- 
tively, were detected. Purification of these endogenous 
ligands are in progress. 

PURIFICATION OF AN ENDOGENOUS LIGAND FOR 
THE PCP/SIGMA RECEPTOR. Zukin, R. S., W. Vale, J. 
Rivier and S. R. Zukin. Department of Neuroscience, Albert 
Einstein College of Medicine, Bronx, NY 10461. 

We have identified an endogenous substance in brain 
which potently inhibits the binding to PCP receptors of 
the highly specific and potent PCP derivative N- 
(1-[2-thienyl]-cyclohexyl) piperidine (TCP) and which mod- 
ulates N-methyl-D-aspartate (NMDA)-induced neurotrans- 
mitter release, as does PCP. An extract enriched in peptides 
was prepared from bovine hippocampus, the brain region of 
highest sigma/PCP receptor density. The resulting extract 
was purified by ODS cartridge extraction, and then applied 
to a preparative HPLC column (C-18, 5x30 cm). A single 
major peak of activity in the radioreceptor assay was ob- 
served. That the endogenous material was biological PCP- 
like agonist activity was indicated by findings from four 
transmitter release paradigms. The HPLC fractions active in 
the [3H]TCP binding assay were found to elicit the following 
actions in rat striatal slices: (1) stimulation of spontaneous 
acetylcholine efflux; (2) inhibition of NMDA-stimulated 
dopamine release; (3) inhibition of NMDA-stimulated 
acetylcholine release; and (4) stimulation of baseline 
dopamine release. The latter two effects appear most sensi- 
tive and selective for the endogenous factor(s) identified by 
the radioreceptor assay. With respect to NMDA-stimulated 
transmitter release, the actions of the endogenous factor 
mimic those of PCP and drugs judged to be PCP-like in the 
drug discriminative stimulus paradigm. The finding that 
PCP-like drugs, including the related arylcycloalkylamines, 
sigma opioids, and dioxolanes, modulate the excitatory ef- 
fects of the excitatory amino acid NMDA in a rank order of 
potency paralleling that for their PCP-like behavioral effects 
implies that this system constitutes the fh'st extremely sensi- 
tive and relatively specific in vitro bioassay to assess PCP 
agonist activity. The sensitivity of the radioreceptor assay to 
high ionic strength and to acid pH renders it vulnerable to 
interference from ionic and pH characteristics of typical 
HPLC solvent systems. By contrast, the bioassay reported 
here is relatively insensitive to such effects, in part because 
of the substantial buffering capacity of the incubation 
medium. To our knowledge, no neuropeptide has been iso- 
lated by a radioreceptor assay alone. The transmitter release 
assay provides validation of a PCP-like physiological activity 
exerted by bovine hippocampal extracts partially purified by 
HPLC. Together these assay methods should prove particu- 


